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METHODS TO CONTROL PROTEIN 
HETEROGENETY 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

The present application claims priority to U.S. application 
Ser. No. 14/194,305, filed Feb. 28, 2014, which claims prior 
ity to U.S. application Ser. No. 13/804,220, filed Mar. 14, 
2013, which claims priority to U.S. Provisional Application 
No. 61/696.219, filed Sep. 2, 2012, the disclosures of each of 
which are incorporated by reference herein in their entireties. 

FIELD OF THE INVENTION 

The instant invention relates to the field of protein produc 
tion and in particular to processes for controlling and limiting 
the heterogeneity of proteins expressed in host cells. 

BACKGROUND OF THE INVENTION 

The production of proteins for biopharmaceutical applica 
tions typically involves the use of cell cultures that are known 
to produce proteins exhibiting varying levels of heterogene 
ity. The basis for such heterogeneity includes, but is not 
limited to, the presence of distinct glycosylation Substitution 
patterns. For example, Such heterogeneity can be observed in 
variations in the fraction of proteins Substituted with agalac 
tosyl fucosylated biantennary oligosaccharides NGA2F and 
NGA2F-GlcNAc and in the fraction of proteins substituted 
with galactose-containing fucosylated biantennary oligosac 
charides NA1F and NA2F. 

Technological advances in recombinant protein production 
analysis have provided unique opportunities for identifying 
the extent of heterogeneity exhibited by a particular protein 
population, particularly in the context of large-scale produc 
tion of recombinant proteins. Although Such advances have 
allowed for the robust characterization of protein heteroge 
neity, challenges continue to exist to identify methods for 
producing proteins with desirable heterogeneity. Control of 
protein heterogeneity is particularly advantageous in the con 
text of cell culture processes used for commercially produced 
recombinant bio-therapeutics as Such heterogeneity has the 
potential to impact therapeutic utility. The instant invention 
addresses this need by providing compositions and processes 
to control protein heterogeneity. 

SUMMARY OF THE INVENTION 

The present invention is directed to methods for controlling 
oligosaccharide distribution in a recombinantly-expressed 
protein sample and to recombinantly-expressed proteins hav 
ing defined oligosaccharide distribution. 

In one aspect, the invention is directed to a method for 
controlling the oligosaccharide distribution of a recombi 
nantly-expressed protein sample including Supplementing a 
cell culture medium used in the recombinant expression of 
said protein with a yeast hydrolysate and/or a plant hydroly 
sate. In a related embodiment, the recombinantly-expressed 
protein is an antibody or an antigen binding portion thereof. 
For example, the antibody may be an anti-TNFC. antibody, 
Such as adalimumab. 

In related embodiments, the yeast hydrolysate is selected 
from the group consisting of Bacto TC Yeastolate. HyPep 
Yeast Extract and UFYeast Hydrolysate. In certain embodi 
ments the plant hydrolysate is selected from the group con 
sisting of a soy hydrolysate, a wheat hydrolysate, a rice 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

2 
hydrolysate, a cotton seed hydrolysate, a pea hydrolysate, a 
corn hydrolysate and a potato hydrolysate. For example, the 
plant hydrolysate may be selected from the group consisting 
of BBL Phytone Peptone, HyPep 1510, SE50 MAF-UF, UF 
Soy Hydrolysate. Wheat Peptone E1, HyPep 4601 and 
Proyield WGE80M Wheat. 

In certain embodiments, the cell culture medium is Supple 
mented with yeast hydrolysate to achieve a yeast hydrolysate 
concentration from about 2 g/L to about 11 g/L. Alternatively, 
the cell culture medium is supplemented with yeast hydroly 
sate to achieve a yeast hydrolysate concentration of about 2 
g/L, 5 g/L or 11 g/L. Alternatively or in combination, the cell 
culture medium is Supplemented with plant hydrolysate to 
achieve a plant hydrolysate concentration from about 2 g/L to 
about 15 g/L. In further related embodiments, the cell culture 
medium is Supplemented with plant hydrolysate to achieve a 
plant hydrolysate concentration of about 2 g/L, 4 g/L, 7 g/L. 
10 g/L or 15 g/L. 

In certain embodiments of the invention, the cell culture 
medium is Supplemented with yeast hydrolysate and plant 
hydrolysate to achieve a yeast hydrolysate to plant hydroly 
sate ratio of about 0.1 to about 4.0. For example, the cell 
culture medium is Supplemented with yeast hydrolysate and 
plant hydrolysate to achieve a yeast hydrolysate to plant 
hydrolysate ratio of about 0.25 to about 1.55. 

In one embodiment, the recombinantly-expressed protein 
sample is produced by a CHO cell line. 

In certain embodiments, Supplementing the cell culture 
medium with yeast hydrolysate and/or plant hydrolysate 
decreases the percentage of oligosaccharides NGA2F and 
(NGA2F-GlcNAc) present in the protein sample. For 
example, supplementing the cell culture medium with yeast 
hydrolysate and/or plant hydrolysate decreases the percent 
age of oligosaccharides NGA2F and (NGA2F-GlcNAc) by at 
least about 1%, 2%, 3%, 4%, 5%, 6%, 7%, 8%, 9%, 10%, 
11%, 12%, 13%, 14%, 15%, 16%, 17%, 18%, 19%, 20%, 
21%, 22%, 23%, 24%, 25%, 26%, 27%, 28%, 29% or 30%. 
Alternatively or in combination, Supplementing the cell cul 
ture medium with yeast hydrolysate and/or plant hydrolysate 
decreases the percentage of oligosaccharides NGA2F and 
(NGA2F-GlcNAc) by about 1%-30%, 2%-25%. 5%-20% or 
5%-15%. Alternatively or in combination, supplementing the 
cell culture medium with yeast hydrolysate and/or plant 
hydrolysate decreases the percentage of oligosaccharides 
NGA2F and (NGA2F-GlcNAc) in the protein sample to 
about 64%-88%, 70%-88% or 75%-85%. 

In certain embodiments, Supplementing the cell culture 
medium with yeast hydrolysate and/or plant hydrolysate 
increases the percentage of oligosaccharides NA1F and 
NA2F present in the protein sample. For example, supple 
menting the cell culture medium with yeast hydrolysate and/ 
or plant hydrolysate increases the percentage of oligosaccha 
rides NA1F and NA2F by at least about 1%, 2%,3%, 4%, 5%, 
6%, 7%, 8%, 9%, 10%, 11%, 12%, 13%, 14%, 15%, 16%, 
17%, 18%, 19%, 20%, 21%, 22%, 23%, 24%, 25%, 26%, 
27%, 28%, 29% or 30%. 

Alternatively or in combination, Supplementing the cell 
culture medium with yeast hydrolysate and/or plant hydroly 
sate increases the percentage of oligosaccharides NA1F and 
NA2F by about 1%-30%, 2%-25%. 5%-20% or 5%-15%. In 
certain embodiments, Supplementing the cell culture medium 
with yeast hydrolysate and/or plant hydrolysate increases the 
percentage of oligosaccharides NA1F and NA2F in the pro 
tein sample to about 8%-31%, 10%-25% or 10%-20%. 

In certain embodiments, the cell culture medium com 
prises yeast and/or plant hydrolysate prior to Supplementing 
the medium with the yeast hydrolysate and/or plant hydroly 
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sate. In other embodiments, the cell culture medium is sub 
stantially free of yeast and/or plant hydrolysate prior to 
Supplementing the medium with the yeast hydrolysate and/or 
plant hydrolysate. 

In another aspect, the present invention is directed to a 
method for controlling the oligosaccharide distribution of a 
recombinantly-expressed protein sample including modulat 
ing the asparagine and/or glutamine concentration of the cell 
culture medium used in the recombinant expression of said 
protein. In a particular embodiment, the recombinantly-ex 
pressed protein sample is an antibody or an antigen binding 
portion thereof, for example, an anti-TNFC. antibody such as 
adalimumab. 

In various embodiments, the recombinantly-expressed 
protein is produced in a CHO cell line. 

In certain embodiments, the method includes modulating 
the concentration of glutamine and asparagine. For example, 
the method may include increasing the concentration of 
asparagine. Alternatively or in combination, the method 
includes increasing the concentration of glutamine. In a par 
ticular embodiment, the concentration of asparagine and/or 
glutamine in the cell culture medium is modulated to a level 
of greater than about 0.2 g/L. Alternatively, the concentration 
of asparagine and/or glutamine in the cell culture medium is 
modulated to a level of greater than about 0.4 g/L, 0.6g/L, 0.8 
g/L, 1.0 g/L. 1.2 g/L, 1.4 g/L, 1.6 g/L, 1.8 g/L or 2 g/L. In 
related embodiments, the concentration of asparagine and/or 
glutamine in the cell culture medium is modulated to a level 
between about 0.4 g/L-1.4 g/L. 

In certain embodiments, the cell culture medium includes a 
hydrolysate, for example, a yeast hydrolysate and/or a plant 
hydrolysate. In a particular embodiment, the yeast hydroly 
sate is selected from the group consisting of Bacto TCYeas 
tolate. HyPep Yeast Extract and UFYeast Hydrolysate. In a 
particular embodiment, the plant hydrolysate is selected from 
the group consisting of a Soy hydrolysate, a wheat hydroly 
sate, a rice hydrolysate, a cotton seed hydrolysate, a pea 
hydrolysate, a corn hydrolysate and a potato hydrolysate. For 
example, the plant hydrolysate may be selected from the 
group consisting of BBL Phytone Peptone. HyPep 1510, 
SE50 MAF-UF, UF Soy Hydrolysate. Wheat Peptone E1, 
HyPep 4601 and Proyield WGE80M Wheat. 

In certain embodiments, an increase in the concentration of 
asparagine and/or glutamine in the cell culture medium 
increases the percentage of oligosaccharides NGA2F and 
(NGA2F-GlcNAc) present in the protein sample. For 
example, an increase in the concentration of asparagine and/ 
or glutamine in the cell culture medium increases the percent 
age of oligosaccharides NGA2F and (NGA2F-GlcNAc) by at 
least about 0.1%, 0.2%, 0.3%. 0.4%, 0.5%, 0.6%, 0.7%, 
0.8%, 0.9%, 1%, 1.5%, 2%, 2.5%, 3.0%, 3.5%, 4.0%, 4.5%, 
5%, 6%, 7%, 8%, 9%, 10%, 15% or 20%. Alternatively or in 
combination, an increase in the concentration of asparagine 
and/or glutamine in the cell culture medium increases the 
percentage of oligosaccharides NGA2F and (NGA2F 
GlcNAc) by about 0.5%, 1.0%, 1.5%, 2.0%, 2.5%, 3.0%, 
3.5%, 4.0%, 4.5%, 5.0%, 5.5%, 6.0%, 6.5%, 7.0%, 7.5%, 
8.0%, 8.5%, 9.0%, 9.5%, 10.0%, 11%, 12%, 13%, 14% or 
15%. Alternatively or in combination, an increase in the con 
centration of asparagine and/or glutamine in the cell culture 
medium increases the percentage of oligosaccharides 
NGA2F and (NGA2F-GlcNAc) by about 0.5%-15%, by 
about 0.5%-10% or by about 4-6%. 

In certain embodiments, an increase in the concentration of 
asparagine and/or glutamine in the cell culture medium 
decreases the percentage of oligosaccharides NA1F and 
NA2F present in the protein sample generated by the cell line. 
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4 
For example, an increase in the concentration of asparagine 
and/or glutamine in the cell culture medium decreases the 
percentage of oligosaccharides NA1F and NA2F by at least 
about 0.5%, 1.0%, 1.5%, 2.0%, 2.5%, 3.0%, 3.5%, 4.0%, 
4.5%, 5.0%, 5.5%, 6.0%, 6.5%, 7.0%, 7.5%, 8.0%, 8.5%, 
9.0%, 9.5%, 10.0%, 11%, 12%, 13%, 14% or 15%. In a 
particular embodiment, an increase in the concentration of 
asparagine and/or glutamine in the cell culture medium 
decreases the percentage of oligosaccharides NA1F and 
NA2F by about 0.5%-10%, by about 0.5%–6% or by about 
2-5%. 

In certain embodiments, the cell culture medium includes 
asparagine and/or glutamine prior to modulating the concen 
tration of asparagine and/or glutamine. In another embodi 
ment, the cell culture medium is Substantially free of aspar 
agine and/or glutamine prior to modulating the concentration 
of asparagine and/or glutamine. 

According to another aspect of the invention, a composi 
tion including the recombinantly-expressed protein produced 
by any of the foregoing methods is provided. For example, the 
protein may be an anti-TNFC. antibody such as adalimumab, 
or an antigen binding portion thereof. 

In one aspect, a pharmaceutical composition including the 
recombinantly-expressed protein produced by any of the 
foregoing methods is provided. For example, the protein may 
be an anti-TNFC. antibody Such as adalimumab, or an antigen 
binding portion thereof. 

In another aspect, the present invention is directed to a 
composition including N-linked glycosylated adalimumab, 
such that the oligosaccharides NGA2F and (NGA2F 
GlcNAc) are present at about 64%-88% and/or such that the 
oligosaccharides NA1F and NA2F are present at about 
8-31%, based on the total amount of oligosaccharides present 
in the composition. For example, the oligosaccharides 
NGA2F and (NGA2F-GlcNAc) may be present at about 
70%-88% or at about 75%-85%. Alternatively or in combi 
nation, the oligosaccharides NA1F and NA2F are present at 
about 10%-25% or at about 10%-20%. 

In yet another aspect, the present invention is directed to a 
pharmaceutical composition including N-linked glycosy 
lated adalimumab and a pharmaceutically acceptable excipi 
ent, such that the oligosaccharides NGA2F and (NGA2F 
GlcNAc) are present at about 64%-88% and/or such that the 
oligosaccharides NA1F and NA2F are present at about 
8-31%, based on the total amount of oligosaccharides present 
in the composition. For example, the oligosaccharides 
NGA2F and (NGA2F-GlcNAc) may be present at about 
70%-88% or at about 75%-85%. 

Alternatively or in combination, the oligosaccharides 
NA1F and NA2F are present at about 10%-25% or at about 
10%-20%. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1A-1C depict the effect of yeast, soy or wheat 
hydrolysate addition to CDMGIA-1 in adalimumab-produc 
ing CHO cell line #1 on (FIG. 1A) Culture growth, (FIG. 1B) 
Culture viability and (FIG. 1C) Harvest titer, respectively. 

FIGS. 2A and 2B depict the effect of yeast, soy or wheat 
hydrolysate addition to CDMGIA-1 in adalimumab-produc 
ing CHO cell line #1 on (FIG. 2A) NGA2F and (NGA2F 
GlcNac) and (FIG. 2B) NA1F and NA2F, respectively. 

FIGS. 3A-3C depict the effect of combined supplementa 
tion of yeast and soy hydrolysates to CD media from multiple 
suppliers in adalimumab-producing CHO cell line #1 on 
(FIG. 3A) Culture growth, (FIG. 3B) Culture viability and 
(FIG. 3C) Harvest titer, respectively. 
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FIGS. 4A and 4B depict the effect of combined supple 
mentation of yeast and Soy hydrolysates to CD media from 
multiple suppliers in adalimumab-producing CHO cell line 
#1 on (FIG. 4A) NGA2F and (NGA2F-GlcNac) and (FIG. 
4B) NA1F and NA2F, respectively. 
FIGS.5A-5C depict the effect of supplementing (FIG.5A) 

yeast, (FIG. 5B) soy or (FIG. 5C) wheat hydrolysate from 
multiple vendors to CDMGIA-1 on culture growth in CHO 
cell line #1, respectively. 

FIGS. 6A-6C depict the effect of supplementing (FIG. 6A) 
yeast, (FIG. 6B) soy or (FIG. 6C) wheat hydrolysate from 
multiple vendors to CDMGIA-1 on culture viability in CHO 
cell line #1, respectively. 

FIG. 7 depicts the effect of supplementing yeast, soy or 
wheat hydrolysate from multiple vendors to CDMGIA-1 on 
harvest titer in CHO cell line #1. 

FIGS. 8A and 8B depict the effect of supplementing yeast, 
soy or wheat hydrolysate from multiple vendors to CDM 
GIA-1 in CHO cell line #1 on (FIG. 8A) NGA2F and 
(NGA2F-GlcNac) and (FIG. 8B) NA1F and NA2F, respec 
tively. 

FIG. 9A depicts viable cell density and FIG. 9B depicts 
viability in Example 4: Hydrolysate study #1 using distinct 
ratios of yeast to soy hydrolysate in adalimumab-producing 
CHO cell line H1. 

FIG. 10A depicts viable cell density and FIG. 10B depicts 
viability in Example 4: Hydrolysate study #2 using distinct 
ratios of yeast to soy hydrolysate in adalimumab-producing 
CHO cell line H1. 

FIG. 11 depicts the glycosylation profile in Example 4: 
Hydrolysate Study #1 in adalimumab-producing CHO cell 
line #1. 

FIG. 12 depicts the glycosylation profile in Example 4: 
Hydrolysate Study #2 in adalimumab-producing CHO cell 
line #1. 

FIGS. 13 A-13C depict the effect of supplementation of 
asparagine and/or glutamine on day 6 to hydrolysate based 
media in CHO cell line #1 on culture growth (FIG. 13A), 
culture viability (FIG. 13B) and product titer (FIG. 13C), 
respectively. 

FIGS. 14A and 14B depict the effect of supplementation of 
asparagine and/or glutamine on Day 6 to hydrolysate based 
media in adalimumab-producing CHO cell line #1 on 
NGA2F and (NGA2F-GlcNac) glycans (FIG. 14A) and on 
NA1F and NA2F glycans (FIG. 14B), respectively. 

FIGS. 15A-15C depict the dose dependent effect of supple 
mentation of asparagine on Day 7 to hydrolysate based media 
in adalimumab-producing CHO cell line #1 on culture growth 
(FIG. 15A), culture viability (FIG. 15B) and product titer 
(FIG. 15C), respectively. 

FIGS. 16A and 16B depict the dose dependent effect of 
Supplementation of asparagine on Day 7 to hydrolysate based 
media in adalimumab-producing CHO cell line #1 on 
NGA2F and (NGA2F-GlcNac) glycans (FIG. 16A) and on 
NA1F and NA2F glycans (FIG. 16B), respectively. 

FIGS. 17A-17C depict the dose dependent effect of supple 
mentation of asparagine on Day 0 to hydrolysate based media 
in adalimumab-producing CHO cell line #1 on culture growth 
(FIG. 17A), culture viability (FIG. 17B) and product titer 
(FIG. 17C), respectively. 

FIGS. 18A and 18B depict the dose dependent effect of 
Supplementation of asparagine on Day 0 to hydrolysate based 
media in adalimumab-producing CHO cell line #1 on 
NGA2F and (NGA2F-GlcNac) glycans (FIG. 18A) and on 
NA1F and NA2F glycans (FIG. 18B), respectively. 

FIGS. 19A-19C depict the effect of yeast, soy or wheat 
hydrolysate addition to CDM Irvine IS CHO-CD in adali 
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6 
mumab-producing CHO cell line #1 on (FIG. 19A) Culture 
growth, (FIG. 19B) Culture viability and (FIG. 19C) Harvest 
titer, respectively. 

FIGS. 20A and 20B depict the effect of yeast, soy or wheat 
hydrolysates addition to CDM Irvine IS CHO-CD in adali 
mumab-producing CHO cell line #1 on oligosaccharides pro 
file (FIG. 20A) NGA2F and (NGA2F-GlcNac) and (FIG. 
20B) NA1F and NA2F, respectively. 

FIGS. 21A-21C depict the effect of yeast, soy or wheat 
hydrolysate addition to CDMGIA-1 in adalimumab-produc 
ing CHO cell line #2 on (FIG. 21A) Culture growth, (FIG. 
21B) Culture viability and (FIG. 21C) Harvest titer, respec 
tively. 

FIGS. 22A and 22B depict the effect of yeast, soy or wheat 
hydrolysate addition to CDMGIA-1 in adalimumab-produc 
ing CHO cell line #2 on (FIG.22A) NGA2F and (NGA2F 
GlcNac) and (FIG.22B) NA1F and NA2F, respectively. 

FIGS. 23A-23C depict the effect of yeast, soy or wheat 
hydrolysate addition to CDMGIA-1 in adalimumab-produc 
ing CHO cell line #3 on (FIG. 23A) Culture growth, (FIG. 
23B) Culture viability and (FIG. 23C) Harvest titer, respec 
tively. 

FIGS. 24A and 24B depict the effect of yeast, soy or wheat 
hydrolysate addition to CDMGIA-1 in adalimumab-produc 
ing CHO cell line #3 on (FIG. 24A) NGA2F and (NGA2F 
GlcNac) and (FIG. 24B) NA1F and NA2F, respectively. 

FIGS. 25A-25C depict the effect of yeast, soy or wheat 
hydrolysate addition to CDMGIA-1 in CHO cell line pro 
ducing mAb #1 on (FIG. 25A) Culture growth, (FIG. 25B) 
Culture viability and (FIG. 25C) Harvest titer, respectively. 

FIGS. 26A and 26B depict the effect of yeast, soy or wheat 
hydrolysate addition to CDM GIA-1 in CHO cell line pro 
ducing mAb #1 on (FIG. 26A) NGA2F and (NGA2F 
GlcNac) and (FIG. 26B) NA1F and NA2F, respectively. 

FIGS. 27 A-27C depict the effect of yeast, soy or wheat 
hydrolysate addition to CDMGIA-1 in CHO cell line pro 
ducing mAb #2 on (FIG. 27A) Culture growth, (FIG. 27B) 
Culture viability and (FIG. 27C) Harvest titer, respectively. 

FIGS. 28A and 28B depict the effect of yeast, soy or wheat 
hydrolysate addition to CDMGIA-1 in CHO cell line pro 
ducing mAb #2 on (FIG. 28A) NGA2F and (NGA2F 
GlcNac) and (FIG. 28B) NA1F and NA2F, respectively. 

FIGS. 29A-29C depict the effect of combined supplemen 
tation of yeast, soy and/or wheat hydrolysates to CDMGIA-1 
in adalimumab-producing CHO cell line #1 on (FIG. 29A) 
Culture growth, (FIG.29B) Culture viability and (FIG. 29C) 
Harvest titer, respectively. 

FIGS. 30A and 30B depict the effect of combined supple 
mentation of yeast, soy and/or wheat hydrolysates to CDM 
GIA-1 in adalimumab-producing CHO cell line #1 on (FIG. 
30A) NGA2F and (NGA2F-GlcNac) and (FIG. 30B) NA1F 
and NA2F, respectively. 

FIGS. 31A-31C depict the dose dependent effect of supple 
mentation of asparagine on Day 6 to CDMGIA-1 in adali 
mumab-producing CHO cell line #1 on culture growth (FIG. 
31A) and culture viability (FIG.31B) and product titer (FIG. 
31C), respectively. 

FIGS. 32A and 32B depict the dose dependent effect of 
supplementation of asparagine on Day 6 to CDMGIA-1 in 
adalimumab-producing CHO cell line #1 on NGA2F and 
(NGA2F-GlcNac) glycans (FIG. 32A) and on NA1F and 
NA2F glycans (FIG.32B), respectively. 
FIGS.33A-33C depict the dose dependent effect of supple 

mentation of asparagine on Day 6 to CDMGIA-1 in adali 
mumab-producing CHO cell line #2 on culture growth (FIG. 
33A) and culture viability (FIG.33B) and product titer (FIG. 
33C), respectively. 
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FIGS. 34A and 34B depict the dose dependent effect of 
supplementation of asparagine on Day 6 to CDMGIA-1 in 
adalimumab-producing CHO cell line #2 on NGA2F and 
(NGA2F-GlcNac) glycans (FIG. 34A) and on NA1F and 
NA2F glycans (FIG. 34B), respectively. 

FIGS.35A-35C depict the dose dependent effect of supple 
mentation of asparagine during medium preparation to CDM 
GIA-1 in CHO cell line producing mAb #2 on culture growth 
(FIG.35A) and culture viability (FIG.35B) and product titer 
(FIG. 35C), respectively. 

FIGS. 36A and 36B depict the dose dependent effect of 
Supplementation of asparagine during medium preparation to 
CDMGIA-1 in CHO cell line producing mAb #2 on NGA2F 
and (NGA2F-GlcNac) glycans (FIG. 36A) and on NA1F and 
NA2F glycans (FIG. 36B), respectively. 

FIGS.37A-37C depict the dose dependent effect of supple 
mentation of asparagine on Day 5 to CDMGIA-1 in CHO cell 
line producing mAb #2 on culture growth (FIG. 37A) and 
culture viability (FIG. 37B) and product titer (FIG. 37C), 
respectively. 

FIGS. 38A and 38B depict the dose dependent effect of 
supplementation of asparagine on Day 5 to CDMGIA-1 in 
CHO cell line producing mAb #2 on NGA2F and (NGA2F 
GlcNac) glycans (FIG.38A) and on NA1F and NA2F glycans 
(FIG.38B), respectively. 

FIG. 39 depicts the experimental design for Example 1. 
FIG. 40 depicts the experimental design for Example 2. 
FIG. 41 depicts the experimental design for Example 3. 
FIG. 42 depicts the experimental design for Example 6. 
FIG. 43 depicts the experimental design for Example 7. 
FIG. 44 depicts the experimental design for Example 8. 
FIG. 45 depicts the experimental design for Example 9. 
FIG. 46 depicts the experimental design for Example 10. 
FIG. 47 depicts the experimental design for Example 11 

(adaptation stage). 
FIG. 48 depicts the experimental design for Example 11 

(production stage). 
FIGS. 49A-49C depict the effect of pea hydrolysate addi 

tion to CD media GIA-1 in adalimumab-producing CHO cell 
line #1 on Culture growth (FIG.49A), Culture viability (FIG. 
49B) and Harvest titer (FIG. 49C), respectively. 

FIGS. 50A and 50B depict the effect of pea hydrolysate 
addition to CD media GIA-1 in adalimumab-producing CHO 
cell line #1 on NGA2F and (NGA2F-GlcNac)(FIG.50A)and 
NA1F and NA2F (FIG.50B), respectively. 

FIG. 51 depicts the structures of oligosaccharides NGA2F, 
(NGA2F-GlcNac), NA1F and NA2F. 

DETAILED DESCRIPTION 

The present invention is directed to compositions and 
methods for controlling protein heterogeneity arising in a 
population of recombinantly expressed proteins. The present 
invention is predicated, at least in part, on the discovery that 
controlling the concentration of hydrolysates, asparagine 
and/or glutamine in a cell culture medium allows for control 
over the oligosaccharide distribution of a recombinantly-ex 
pressed protein produced therein. 

For example, in one aspect, the present invention provides 
a method for controlling the oligosaccharide distribution of a 
recombinantly-expressed protein sample by Supplementing 
the cell culture medium with a yeast hydrolysate and/or a 
plant hydrolysate. In certain embodiments, Supplementing 
the cell culture medium with yeast hydrolysate and/or plant 
hydrolysate decreases the percentage of oligosaccharides 
NGA2F and (NGA2F-GlcNAc) present in the protein 
sample. Alternatively or in combination, Supplementing the 
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8 
cell culture medium with yeast hydrolysate and/or plant 
hydrolysate increases the percentage of oligosaccharides 
NA1F and NA2F present in the protein sample. 

In another aspect, the method for controlling the oligosac 
charide distribution of the recombinantly-expressed protein 
sample includes modulating the asparagine and/or glutamine 
concentration of the cell culture medium used in the recom 
binant expression of the protein. In certain embodiments, an 
increase in the concentration of asparagine and/or glutamine 
in the cell culture medium increases the percentage of oli 
gosaccharides NGA2F and (NGA2F-GlcNAc) present in the 
protein sample. Alternatively or in combination, an increase 
in the concentration of asparagine and/or glutamine in the cell 
culture medium decreases the percentage of oligosaccharides 
NA1F and NA2F present in the protein sample generated by 
the cell line. 

In another aspect, the present invention is directed to a 
protein produced by Such methods and having the desired 
oligosaccharide distribution or pharmaceutical compositions 
including Such protein. In particular, the present invention 
provides a composition comprising N-linked glycosylated 
adalimumab, wherein the oligosaccharides NGA2F and 
(NGA2F-GlcNAc) are present at about 64%-88% and/or 
wherein the oligosaccharides NA1F and NA2F are present at 
about 8-31%, based on the total amount of oligosaccharides 
present in the composition. 

Consistency in the quality of the glycoproteins is important 
because glycosylation may impact protein solubility, activity 
and circulatory half-life. (Gawlitzek et al., Effect of Different 
Cell Culture Conditions on the Polypeptide Integrity and 
N-glycosylation of a Recombinant Model Glycoprotein. Bio 
technol. Bioeng. 1995; 46:536-544; and Hayter et al., Glu 
cose-limited Chemostat Culture of Chinese Hamster Ovary 
Cells Producing Recombinant Human Interferon-Y. Biotech 
nol. Bioeng. 1992: 39:327-335). 
Definitions 

Unless otherwise defined herein, scientific and technical 
terms used in connection with the present invention shall have 
the meanings that are commonly understood by those of 
ordinary skill in the art. The meaning and scope of the terms 
should be clear. However, in the event of any latent ambiguity, 
definitions provided herein take precedent over any dictio 
nary or extrinsic definition. Further, unless otherwise 
required by context, singular terms, for example, those char 
acterized by “a” or “an', shall include pluralities. In this 
application, the use of “or” means “and/or, unless stated 
otherwise. Furthermore, the use of the term “including, as 
well as other forms of the term, such as “includes” and 
“included', is not limiting. Also, terms such as “element” or 
“component' encompass both elements and components 
comprising one unit and elements and components that com 
prise more than one unit unless specifically stated otherwise. 
The term “protein of interest', as used herein refers to a 

target protein, production and controlled glycosylation of 
which is desired. In various embodiments, the protein of 
interest is an antibody or an antigen-binding fragment 
thereof, a soluble protein, a membrane protein, a structural 
protein, a ribosomal protein, an enzyme, a Zymogen, a cell 
Surface receptor protein, a transcription regulatory protein, a 
translation regulatory protein, a chromatin protein, a hor 
mone, a cell cycle regulatory protein, a G protein, a neuroac 
tive peptide, an immunoregulatory protein, a blood compo 
nent protein, an ion gate protein, a heat shock protein, an 
antibiotic resistance protein, a functional fragment of any of 
the preceding proteins, an epitope-containing fragment of any 
of the preceding proteins and combinations thereof. In a 
particular embodiment, the protein of interest is a monomer. 
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In a particular embodiment, the protein of interest is an 
antibody or an antigen binding portion thereof. The term 
'antibody includes an immunoglobulin molecule comprised 
of four polypeptide chains, two heavy (H) chains and two 
light (L) chains inter-connected by disulfide bonds. Each 
heavy chain is comprised of a heavy chain variable region 
(abbreviated herein as HCVR or VH) and a heavy chain 
constant region (CH). The heavy chain constant region is 
comprised of three domains: CH1, CH2 and CH3. Each light 
chain is comprised of a light chain variable region (abbrevi 
ated hereinas LCVR or VL) and a light chain constant region. 
The light chain constant region is comprised of one domain, 
CL. The VH and VL regions can be further subdivided into 
regions of hyperVariability, termed complementarity deter 
mining regions (CDRS), interspersed with regions that are 
more conserved, termed framework regions (FR). Each VH 
and VL is composed of three CDRs and four FRs, arranged 
from amino-terminus to carboxy-terminus in the following 
order: FR1, CDR1, FR2, CDR2, FR3, CDR3, FR4. The term 
“antibody', as used herein, also includes alternative antibody 
and antibody-like structures. Such as, but not limited to, dual 
variable domain antibodies (DVD-Ig). 
The term “antigen-binding portion of an antibody (or 

“antibody portion') includes fragments of an antibody that 
retain the ability to specifically bind to an antigen (e.g., hL 
12, hTNFC. or hIL-18). It has been shown that the antigen 
binding function of an antibody can be performed by frag 
ments of a full-length antibody. Examples of binding 
fragments encompassed within the term “antigen-binding 
portion' of an antibody include (i) a Fab fragment, a monova 
lent fragment comprising the VL, VH, CL and CH1 domains: 
(ii) a F(ab')2 fragment, a bivalent fragment comprising two 
Fab fragments linked by a disulfide bridge at the hinge region; 
(iii) a Fd fragment comprising the VHand CH1 domains; (iv) 
a FV fragment comprising the VL and VH domains of a single 
arm of an antibody, (v) a dAb fragment (Ward et al., (1989) 
Nature 341:544-546, the entire teaching of which is incorpo 
rated herein by reference), which comprises a VH domain; 
and (vi) an isolated complementarity determining region 
(CDR). Furthermore, although the two domains of the Fv 
fragment, VL and VH, are coded for by separate genes, they 
can be joined, using recombinant methods, by a synthetic 
linker that enables them to be made as a single protein chain 
in which the VL and VH regions pair to form monovalent 
molecules (known as single chain FV (ScPV); see, e.g., Bird et 
al. (1988) Science 242:423-426; and Huston et al. (1988) 
Proc. Natl. Acad. Sci. USA 85:5879-5883, the entire teach 
ings of which are incorporated herein by reference). Such 
single chain antibodies are also intended to be encompassed 
within the term “antigen-binding portion of an antibody. 
Other forms of single chain antibodies, such as diabodies are 
also encompassed. Diabodies are bivalent, bispecific antibod 
ies in which VH and VL domains are expressed on a single 
polypeptide chain, but using a linker that is too short to allow 
for pairing between the two domains on the same chain, 
thereby forcing the domains to pair with complementary 
domains of another chain and creating two antigen binding 
sites (see, e.g., Holliger, P. etal. (1993) Proc. Natl. Acad. Sci. 
USA 90:6444-6448; Poljak, R. J., et al. (1994) Structure 
2:1121-1123, the entire teachings of which are incorporated 
herein by reference). Still further, an antibody may be part of 
a larger immunoadhesion molecule, formed by covalent or 
non-covalent association of the antibody with one or more 
other proteins or peptides. Examples of Such immunoadhe 
sion molecules include use of the streptavidin core region to 
make a tetrameric schv molecule (Kipriyanov, S. M., et al. 
(1995) Human Antibodies and Hybridomas 6:93-101, the 
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10 
entire teaching of which is incorporated herein by reference) 
and use of a cysteine residue, a marker peptide and a C-ter 
minal polyhistidine tag to make bivalent and biotinylated 
schv molecules (Kipriyanov, S.M., et al. (1994) Mol. Immu 
nol. 31:1047-1058, the entire teaching of which is incorpo 
rated herein by reference). Antibody portions, such as Faband 
F(ab')2 fragments, can be prepared from whole antibodies 
using conventional techniques, such as papain or pepsin 
digestion, respectively, of whole antibodies. Moreover, anti 
bodies, antibody portions and immunoadhesion molecules 
can be obtained using standard recombinant DNA tech 
niques, as described herein. In one aspect, the antigenbinding 
portions are complete domains or pairs of complete domains. 
The term “human antibody' includes antibodies having 

variable and constant regions corresponding to human germ 
line immunoglobulin sequences as described by Kabat et al. 
(See Kabat et al. (1991) Sequences of proteins of Immuno 
logical Interest, Fifth Edition, U.S. Department of Health and 
Human Services, NIH Publication No. 91-3242). The human 
antibodies of the invention may include amino acid residues 
not encoded by human germline immunoglobulin sequences 
(e.g., mutations introduced by random or site-specific 
mutagenesis in vitro or by Somatic mutation in vivo), e.g., in 
the CDRs and in particular CDR3. The mutations can be 
introduced using the “selective mutagenesis approach. The 
human antibody can have at least one position replaced with 
an amino acid residue, e.g., an activity enhancing amino acid 
residue which is not encoded by the human germline immu 
noglobulin sequence. The human antibody can have up to 
twenty positions replaced with amino acid residues which are 
not part of the human germline immunoglobulin sequence. In 
other embodiments, up to ten, up to five, up to three or up to 
two positions are replaced. In one embodiment, these replace 
ments are within the CDR regions. However, the term “human 
antibody', as used herein, is not intended to include antibod 
ies in which CDR sequences derived from the germline of 
another mammalian species, such as a mouse, have been 
grafted onto human framework sequences. 
The phrase “recombinant human antibody' includes 

human antibodies that are prepared, expressed, created or 
isolated by recombinant means, such as antibodies expressed 
using a recombinant expression vector transfected into a host 
cell, antibodies isolated from a recombinant, combinatorial 
human antibody library, antibodies isolated from an animal 
(e.g., a mouse) that is transgenic for human immunoglobulin 
genes (see, e.g., Taylor, L. D. et al. (1992) Nucl. Acids Res. 
20:6287-6295, the entire teaching of which is incorporated 
herein by reference) or antibodies prepared, expressed, cre 
ated or isolated by any other means that involves splicing of 
human immunoglobulin gene sequences to other DNA 
sequences. Such recombinant human antibodies have vari 
able and constant regions derived from human germline 
immunoglobulin sequences (see, Kabat, E. A. et al. (1991) 
Sequences of Proteins of Immunological Interest, Fifth Edi 
tion, U.S. Department of Health and Human Services, NIH 
Publication No. 91-3242). In certain embodiments, however, 
Such recombinant human antibodies are subjected to in vitro 
mutagenesis (or, when an animal transgenic for human Ig 
sequences is used, in Vivo Somatic mutagenesis) and thus the 
amino acid sequences of the VHandVL regions of the recom 
binant antibodies are sequences that, while derived from and 
related to human germline VH and VL sequences, may not 
naturally exist within the human antibody germline repertoire 
in vivo. In certain embodiments, however, Such recombinant 
antibodies are the result of selective mutagenesis approach or 
back-mutation or both. 
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An "isolated antibody' includes an antibody that is sub 
stantially free of other antibodies having different antigenic 
specificities (e.g., an isolated antibody that specifically binds 
hTNFC. is substantially free of antibodies that specifically 
bind antigens other than hTNFC). An isolated antibody that 
specifically binds hTNFC. may bind TNFC. molecules from 
other species. Moreover, an isolated antibody may be sub 
stantially free of other cellular material and/or chemicals. A 
suitable anti-TNFC. antibody is Adalimumab (AbbVie, Illi 
nois USA). 
As used herein, the term “adalimumab. also known by its 

trade name HUMIRAR (AbbVie, Illinois, USA) refers to a 
human IgG1 antibody that binds human tumor necrosis factor 
C. (TNFC). In general, the heavy chain constant domain 2 
(CH2) of the adalimumab IgG-Fc region is glycosylated 
through covalent attachment of oligosaccharide at asparagine 
297 (Asn-297). The light chain variable region of adali 
mumab is provided herein as SEQ ID NO:1 and the heavy 
chain variable region of adalimumab is provided herein as 
SEQID NO:2. Adalimumab comprises a light chain variable 
region comprising a CDR1 of SEQID NO:7, a CDR2 of SEQ 
ID NO:5 and a CDR3 of SEQ ID NO:3. Adalimumab com 
prises a heavy chain variable region comprising a CDR1 of 
SEQID NO:8, a CDR2 of SEQID NO:6 and CDR3 of SEQ 
ID NO:4. The nucleic acid sequence of the light chain vari 
able region is set forth in SEQ ID NO:9. The nucleic acid 
sequence of the heavy chain variable region is set forth in 
SEQID NO:10. The full length amino acid sequence of the 
light chain is set forth as SEQID NO:11 and the full length 
amino acid sequence of the heavy chain is set forth as SEQID 
NO:12. Adalimumab is described in U.S. Pat. Nos. 6,090, 
382; 6.258,562; 6,509,015; 7,223,394; 7,541,031; 7,588,761; 
7,863,426; 7,919,264; 8,197,813; 8,206,714; 8,216,583; 
8,420,081; 8,092,998; 8,093,045; 8,187,836; 8,372,400; 
8,034,906; 8,436,149; 8,231,876; 8,414,894; 8,372,401, the 
entire contents of each which are expressly incorporated 
herein by reference in their entireties. Adalimumab is also 
described in the “Highlights of Prescribing Information' for 
HUMIRAR) (adalimumab) Injection (Revised January 2008) 
the contents of which are hereby incorporated herein by ref 
CCC. 

In one embodiment, adalimumab dissociates from human 
TNFC. with a Kd of 1x10 Morless and a Koffrate constant 
of 1x10 s' or less, both determined by surface plasmon 
resonance and neutralizes human TNFC. cytotoxicity in a 
standardinvitro L929 assay with an IC50 of 1x107 Morless. 
In another embodiment, adalimumab dissociates from human 
TNFC. with a Koff of 5x10's or less or even more prefer 
ably, with a Koff of 1x10's or less. Instillanother embodi 
ment, adalimumab neutralizes human TNFC. cytotoxicity in a 
standardinvitro L929 assay with an IC50 of 1x10 Morless, 
an IC50 of 1x10 Morless or an IC50 of 1x10' Morless. 
The term "Koff, as used herein, is intended to refer to the off 
rate constant for dissociation of an antibody from the anti 
body/antigen complex. 
As used herein, the term “recombinant host cell (or simply 

“host cell) refers to a cell into which a recombinant expres 
sion vector has been introduced. It should be understood that 
such terms are intended to refer not only to the particular 
Subject cell but to the progeny of such a cell. Because certain 
modifications may occur in Succeeding generations due to 
either mutation or environmental influences, such progeny 
may not, in fact, be identical to the parent cell, but are still 
included within the scope of the term “host cell as used 
herein. In certain embodiments, the host cell is employed in 
the context of a cell culture. 
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As used herein, the term “cell culture” refers to methods 

and techniques employed to generate and maintain a popula 
tion of host cells capable of producing a recombinant protein 
of interest, as well as the methods and techniques for opti 
mizing the production and collection of the protein of interest. 
For example, once an expression vector has been incorpo 
rated into an appropriate host, the host can be maintained 
under conditions suitable for high level expression of the 
relevant nucleotide coding sequences and the collection and 
purification of the desired recombinant protein. Mammalian 
cells are preferred for expression and production of the 
recombinant of the present invention; however other eukary 
otic cell types can also be employed in the context of the 
instant invention. See, e.g., Winnacker, From Genes to 
Clones, VCH Publishers, N.Y., N.Y. (1987). Suitable mam 
malian host cells for expressing recombinant proteins accord 
ing to the invention include Chinese Hamster Ovary (CHO 
cells) (including dhfr-CHO cells, described in Urlaub and 
Chasin, (1980) PNAS USA 77:4216-4220, used with a DHFR 
selectable marker, e.g., as described in Kaufman and Sharp 
(1982) Mol. Biol. 159:601-621, the entire teachings of which 
are incorporated herein by reference), NSO myeloma cells, 
COS cells and SP2 cells. Other, non-limiting, examples of 
useful mammalian host cell lines are monkey kidney CV1 
line transformed by SV40 (COS-7, ATCCCRL 1651); human 
embryonic kidney line (293 or 293 cells subcloned for growth 
in suspension culture, Graham et al., J. Gen Virol. 36:59 
(1977)); baby hamster kidney cells (BHK, ATCC CCL 10); 
Chinese hamster ovary cells/-DHFR (CHO, Urlaub et al., 
Proc. Natl. Acad. Sci. USA 77:4216 (1980)); mouse sertoli 
cells (TM4, Mather, Biol. Reprod. 23:243-251 (1980)); mon 
key kidney cells (CV1 ATCC CCL 70); African green mon 
key kidney cells (VERO-76, ATCC CRL-1587); human cer 
vical carcinoma cells (HELA, ATCCCCL 2); canine kidney 
cells (MDCK, ATCC CCL 34); buffalo rat liver cells (BRL 
3A, ATCCCRL1442); human lung cells (W138, ATCCCCL 
75); human liver cells (Hep G2, HB 8065); mouse mammary 
tumor (MMT 060562, ATCCCCL51); TRI cells (Mather et 
al., Annals N.Y. Acad. Sci. 383:44-68 (1982)); MRC5 cells; 
FS4 cells; and a human hepatoma line (Hep G2), the entire 
teachings of which are incorporated herein by reference. 
The term “cell culture medium' as used herein refers to a 

combination of elements in which cells are cultured and 
which provide nutrients for the growth of the cells. A cell 
culture medium typically contains a mixture of defined nutri 
ents dissolved in a buffered physiological Saline Solution. At 
a basic level, a cell culture medium contain salts, amino acids, 
Sugar, vitamins and other organic nutrients. Such medium 
may be used as a starting point for the addition of various 
Supplements, e.g., serum (such as fetal bovine serum) and 
antibiotics to generate a complete growth medium. 
As used herein a “recombinant expression vector can be 

any suitable recombinant expression vector and can be used 
to transform or transfect any suitable host. For example, one 
of ordinary skill in the art would appreciate that transforma 
tion or transfection is a process by which exogenous nucleic 
acid such as DNA is introduced into a cell wherein the trans 
formation or transfection process involves contacting the cell 
with the exogenous nucleic acid such as the recombinant 
expression vector as described herein. Non-limiting 
examples of Such expression vectors are the puC series of 
vectors (Fermentas Life Sciences), the p3luescript series of 
vectors (Stratagene, LaJolla, Calif.), the plT series of vectors 
(Novagen, Madison, Wis.), the pGEX series of vectors (Phar 
macia Biotech, Uppsala, Sweden) and the pEX series vectors 
(Clontech, Palo Alto, Calif.). 
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As used herein, the term “recombinant protein’ refers to a 
protein produced as the result of the transcription and trans 
lation of a gene carried on a recombinant expression vector 
that has been introduced into a host cell. In certain embodi 
ments the recombinant protein is an antibody or an antigen 
binding portion thereof. 
As used herein, the term “glycosylation” refers to the addi 

tion of a carbohydrate to an amino acid. Such addition com 
monly, although not exclusively, occurs via a nitrogen of 
asparagine or arginine (N-linked glycosylation) or to the 
hydroxy oxygen of serine, threonine, tyrosine, hydroxylysine 
or hydroxyproline side-chains (“O-linked glycosylation). In 
eukaryotes, N-linked glycosylation occurs on the asparagine 
of the consensus sequence Asn-Xaa-Ser/Thr, in which Xaa is 
any amino acid except proline (Komfeld et al., Ann Rev 
Biochem 54:631-664 (1985); Kukuruzinska et al. Proc. Natl. 
Acad. Sci. USA 84: 2145-2149 (1987); Herscovics et al. 
FASEB.J.7:540-550 (1993); and Orlean, Saccharomyces Vol. 
3 (1996)). 0-linked glycosylation also takes place at serine or 
threonine residues (Tanner et al., Biochim. Biophys. Acta. 
906: 81-91 (1987); and Hounselletal, Glycoconj.J. 13:19-26 
(1996)). However, other glycosylation patterns can be 
formed, e.g., by linking glycosylphosphatidyl-inositol to the 
carboxyl-terminal carboxyl group of a protein. 

In particular embodiments, proteins of the invention are 
glycosylated by the addition of NGA2F and (NGA2F 
GlcNac) oligosaccharides. As used herein, the term 
“NGA2F refers to an oligosaccharide having the N-linked 
glycan common core pentasaccharide Man3GlcNAc2, fur 
ther containing an N-acetylglucosamine linked to each one of 
the two branched mannose residues of the core and also 
containing a fucose linked to the GlcNAc residue proximal to 
the asparagine residue of the N-linked glycosylated protein. 
The term “NGA2F-GlcNAc' as used herein is an oligosac 
charide having the N-linked glycan common core pentasac 
charide Man5(GlcNAc2, further containing one N-acetylglu 
cosamine linked one of the two branched mannose residues of 
the core and also containing a fucose linked to the GlcNAc 
residue proximal to the asparagine residue of the N-linked 
glycosylated protein. The structures of each of NGA2F and 
(NGA2F-GlcNac) are set forth in FIG. 51. 

Alternatively or in combination, proteins of the invention 
are glycosylated by the addition of NA2F and NA1F oligosac 
charides. The term “NA2F as used herein is an oligosaccha 
ride having the N-linked glycan common core pentasaccha 
ride Man3GlcNAc2, further containing: al 
N-acetylglucosamine linked to each one of the two branched 
mannose residues of the core, a fucose linked to the GlcNAc 
residue proximal to the asparagine residue of the N-linked 
glycosylated protein and a galactose linked to each N-acetyl 
glucosamine linked to a branched mannose. The term 
“NA1F as used herein is an oligosaccharide having the 
N-linked glycan common core pentasaccharide 
Man3GlcNAc2, further containing: an N-acetylglucosamine 
linked to each one of the two branched mannose residue of the 
core, a fucose linked to the GlcNAc residue proximal to the 
asparagine residue of the N-linked glycosylated protein and a 
galactose linked to one of the two N-acetylglucosamine resi 
dues linked to a branched mannose. The structures of each of 
NA2F and NA1F are set forth in FIG. 51. 
As used herein, the term "oligosaccharide distribution' as 

used herein refers to the relative amounts of oligosaccharides 
found in a sample of glycosylated proteins. For example, 
oligosaccharide distribution may refer to the relative amounts 
of N-linked oligosaccharides, i.e., NGA2F and NGA2F 
GlcNac oligosaccharides and NA2F and NA1F oligosaccha 
rides found in a sample. According to the methods of the 
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present invention, the oligosaccharide distribution can be 
controlled, for example, by Supplementing cell culture 
medium with hydrolysates or by modulating the asparagine 
and/or glutamine concentration. As used herein, the term 
“controlled protein heterogeneity' refers to a composition 
derived from the methods of the present invention having a 
desired oligosaccharide distribution, for example, a desired 
ratio of N-linked oligosaccharides NGA2F and NGA2F 
GlcNac oligosaccharides as compared to NA2F and NA1F 
oligosaccharides. 
The term “control', as used herein, is intended to refer to 

both limitation as well as to modulation. For example, in 
certain embodiments, the instant invention provides methods 
for controlling diversity that decrease the diversity of certain 
characteristics of protein populations and, in particular, gly 
cosylation patterns. Such decreases in diversity can occur by: 
(1) promotion of a desired characteristic, e.g., a favorable 
glycosylation pattern; (2) inhibition of an unwanted charac 
teristic, e.g., a disfavored glycosylation pattern; or (3) a com 
bination of the foregoing. As used herein, the term “control 
also embraces contexts where heterogeneity is modulated, 
i.e., shifted, from one diverse population to a second popula 
tion of equal or even greater diversity, where the second 
population exhibits a distinct profile of the characteristic of 
interest. For example, in certain embodiments, the methods of 
the instant invention can be used to modulate the types of 
oligosaccharide Substitutions present on proteins from a first 
population of Substitutions to a second equally diverse, but 
distinct, population of Substitutions. 

In certain embodiments, the heterogeneity corresponds to 
the glycosylation state of individual members of a population 
of proteins. In certain embodiments, control is exerted over 
the type of glycosylation Substitutions present on individual 
members of a population of proteins. In certain embodiments, 
control is exerted over the extent of glycosylation substitu 
tions present on individual members of a population of pro 
teins. In certain embodiments, control is exerted over both the 
type and extent of glycosylation Substitutions present on indi 
vidual members of a population of proteins. In certain 
embodiments, such control results in a decrease in the amount 
of NGA2F and NGA2F-GlcNac oligosaccharides and/or an 
increase in the amount of NA1F and NA2F oligosaccharides 
linked to the protein of interest. In certain embodiments, such 
control results in an increase in the amount of NGA2F and 
NGA2F-GlcNac oligosaccharides and/or a decrease in the 
amount of NA1F and NA2F oligosaccharides linked to the 
protein of interest. 

In certain embodiments, control over protein glycosylation 
heterogeneity is exerted by employing specific hydrolysates 
during production of the protein of interest, for example, but 
not by way of limitation, in cell culture media Supplemented 
with hydrolysates. In certain embodiments, control over pro 
tein glycosylation heterogeneity is exerted by maintaining 
certain yeastolate to phytone ratios during production of the 
protein of interest. In certain embodiments, control over pro 
tein glycosylation heterogeneity is exerted by the addition of 
asparagine and/or glutamine during the production of the 
protein of interest. 
The term “about’, as used herein, is intended to refer to 

ranges of approximately 10-20% greater than or less than the 
referenced value. In certain circumstances, one of skill in the 
art will recognize that, due to the nature of the referenced 
value, the term “about can mean more or less than a 10-20% 
deviation from that value. 
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Control of Protein Heterogeneity 
Supplementation of CD Media with Yeast and/or Plant 
Hydrolysates 
The experiments disclosed herein demonstrate that, in cer 

tain embodiments, supplementation of CD cell culture media 
with yeast and/or plant hydrolysates can modulate product 
quality of a mAbby, in certain embodiments, decreasing the 
NGA2F and NGA2F-GlcNac oligosaccharides and, in cer 
tain embodiments, increasing the NA1F and NA2F oligosac 
charides. These results were achieved in multiple CD media 
available from multiple vendors (Life Sciences Gibco, 
HyClone and Irvine Scientific), using yeast and/or plant 
hydrolysates (for example, but not by way of limitation, soy, 
wheat, rice, cotton seed, pea, corn and potato) from multiple 
vendors (BD Biosciences organotechnie, Sheffield/Kerry 
Biosciences, Irvine Scientific and DMV International). In 
experiments where yeast or plant hydrolysates were added 
individually, a dose-dependent effect in the extent of reduc 
tion of NGA2F and NGA2F-GlcNac oligosaccharides (and a 
corresponding increase in the NA1F and NA2F oligosaccha 
rides) with increasing yeast or plant hydrolysates concentra 
tion in culture CD media was observed. For example, but not 
by way of limitation, yeast hydrolysates can be used to 
Supplement a CD cell culture media at concentrations ranging 
from about 1 g/L to about 25 g/L, about 1 g/L to about 15 g/L 
or about 2 g/L to about 11 g/L to achieve the desired reduction 
of NGA2F and NGA2F-GlcNac oligosaccharides and a cor 
responding increase in the NA1F and NA2F oligosaccha 
rides. In certain non-limiting embodiments, yeast hydroly 
sates can be used to Supplement a CD cell culture media at 
concentrations of about 2 g/L, about 5 g/L or about 11 g/L. In 
certain non-limiting embodiments, plant hydrolysates can be 
used to Supplement a CD cell culture media at concentrations 
ranging from about 1 g/L to about 30g/L, about 1 g/L to about 
20 g/L or about 2 g/L to about 15 g/L to achieve the desired 
reduction of NGA2F and NGA2F-GlcNac oligosaccharides 
and a corresponding increase in the NA1F and NA2F oli 
gosaccharides. In certain non-limiting embodiments, plant 
hydrolysates can be used to supplement a CD cell culture 
media at concentrations of about 2 g/L, about 4 g/L, about 7 
g/L, about 10 g/L or about 15 g/L. 

In a particular embodiment, the plant hydrolysate may be a 
soy hydrolysate. In certain non-limiting embodiments, Soy 
hydrolysates can be used to supplement a cell culture media at 
concentrations ranging from about 1 g/L to about 30 g/L. 
about 1 g/L to about 20 g/L or about 2 g/L to about 15 g/L to 
achieve the desired reduction of NGA2F and NGA2F 
GlcNac oligosaccharides and a corresponding increase in the 
NA1F and NA2F oligosaccharides. 

In another embodiment, the plant hydrolysate may be a pea 
hydrolysate. In certain non-limiting embodiments, pea 
hydrolysates can be used to supplement a cell culture media at 
concentrations ranging from about 1 g/L to about 25 g/L. 
about 1 g/L to about 15 g/L or about 2 g/L to about 10 g/L to 
achieve the desired reduction of NGA2F and NGA2F 
GlcNac oligosaccharides and a corresponding increase in the 
NA1F and NA2F oligosaccharides. 

In a particular embodiment, the plant hydrolysate may be a 
wheat hydrolysate. In certain non-limiting embodiments, 
wheat hydrolysates can be used to Supplement a cell culture 
media at concentrations ranging from about 1 g/L to about 30 
g/L, about 1 g/L to about 20g/L or about 2 g/L to about 15 g/L 
to achieve the desired reduction of NGA2F and NGA2F 
GlcNac oligosaccharides and a corresponding increase in the 
NA1F and NA2F oligosaccharides. 

In certain embodiments, a combination of plant hydroly 
sates may be used, for example, at least two of Soy, pea and 
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wheat hydrolysates. In a particular embodiment, a combina 
tion of each of soy, pea and wheat hydrolysates may be used. 

In certain embodiments, the concentration of yeast and/or 
plant hydrolysates is maintained in Such a manner as to reduce 
the NGA2F and NGA2F-GlcNac sum in a protein orantibody 
sample by about 1%, 1.2%, 1.5%,2%, 2.2%, 2.5%,3%, 3.2%, 
3.5%, 4%, 4.2%, 4.5%. 5%, 10%, 15%, 20%, 25%, 30%, 
35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 
85%, 90%, 95%, 100% and ranges within one or more of the 
preceding. In certain embodiments, the concentration of yeast 
and/or plant hydrolysates is maintained in Such a manner as to 
increase the NA1F and NA2F sum in a protein or antibody 
sample by about 1%, 1.2%, 1.5%,2%, 2.2%, 2.5%,3%, 3.2%, 
3.5%, 4%, 4.2%, 4.5%. 5%, 10%, 15%, 20%, 25%, 30%, 
35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 
85%, 90%, 95%, 100% and ranges within one or more of the 
preceding. 

In particular embodiments, the cell culture medium 
includes yeast hydrolysate prior to supplementing the 
medium as set forth herein. In another embodiment, the cell 
culture medium is substantially free of yeast hydrolysate 
prior to Supplementing the medium as set forth herein. 

In particular embodiments, the cell culture medium 
includes plant hydrolysate prior to supplementing the 
medium as set forth herein. In another embodiment, the cell 
culture medium is substantially free of plant hydrolysate prior 
to supplementing the medium as set forth herein. 

In other embodiments, the cell culture medium includes 
both plant and yeast hydrolysate prior to modulating the 
concentration of each as set forth herein. In another embodi 
ment, the cell culture medium is substantially free of both 
plant and yeast hydrolysate prior to supplementing the 
medium as set forth herein. 

In certain embodiments, control over the glycosylation 
distribution of proteins produced by cell culture can be 
exerted by maintaining the appropriate yeast hydrolysate 
concentration in the cell culture expressing the protein of 
interest as described herein. Specific culture conditions can 
be used in various cultivation methods including, but not 
limited to, batch, fed-batch, chemostat and perfusion and with 
various cell culture equipment including, but not limited to, 
shake flasks with or without Suitable agitation, spinner flasks, 
stirred bioreactors, airlift bioreactors, membrane bioreactors, 
reactors with cells retained on a solid support or immobilized/ 
entrapped as in microporous beads and any other configura 
tion appropriate for optimal growth and productivity of the 
desired cell line. 
Modulating Yeast to Plant Hydrolysate Ratio in Cell Culture 
Medium 

According to the present invention the relative amounts of 
yeast and plant hydrolysates may be modulated to achieve 
desirable oligosaccharide distribution. For example, but not 
by way of limitation, by adjusting the concentration ratio of 
these two hydrolysates, yeast and Soy (phytone), within the 
range of about 0.1 to about 4.0, about 0.2 to about 2.5 or about 
0.25 to about 1.55, the resultant oligosaccharide distribution 
can be modified. As outlined in Example 1, non-limiting 
embodiments of the present invention include Supplements 
comprising 100% yeast hydrolysate as well as those that are 
100% plant hydrolysate. Thus, this disclosure provides a 
means to modulate glycosylation variations introduced by 
process inputs, such as raw materials and other variability 
inherent in dynamic manufacturing operations. Ultimately, 
the disclosure enables in-process control of protein glycosy 
lation with respect to desired product specifications. 

In certain embodiments, the ratio of these two hydroly 
sates, yeast and Soy (phytone), is maintained in Such a manner 
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as to reduce the NGA2F and NGA2F-GlcNac sum in a protein 
or antibody sample by about 1%, 1.2%, 1.5%, 2%, 2.2%, 
2.5%, 3%, 3.2%, 3.5%, 4%, 4.2%, 4.5%. 5%, 10%, 15%, 
20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 
70%, 75%, 80%, 85%, 90%, 95%, 100% and ranges within 
one or more of the preceding. In certain embodiments, the 
ratio of these two hydrolysates, yeast and Soy (phytone), is 
maintained in Such a manner as to increase the NA1F and 
NA2F sum in a protein or antibody sample by about 1%, 
1.2%, 1.5%, 2%, 2.2%, 2.5%, 3%, 3.2%, 3.5%, 4%, 4.2%, 
4.5%. 5%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 
50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 
100% and ranges within one or more of the preceding. 

In particular embodiments, the cell culture medium 
includes yeast hydrolysate and plant hydrolysate prior to 
adjusting the ratio as set forth herein. In another embodiment, 
the cell culture medium is substantially free of yeast and/or 
plant hydrolysate prior to Supplementing the medium to 
achieve the desired ratio as set forth herein. 

In certain embodiments, control over the glycosylation 
distribution of protein produced by cell culture can be exerted 
by maintaining the appropriate yeast to plant hydrolysate 
ratio in the cell culture expressing the protein of interest as 
described herein. Specific culture conditions can be used in 
various cultivation methods including, but not limited to, 
batch, fed-batch, chemostat and perfusion and with various 
cell culture equipment including, but not limited to, shake 
flasks with or without Suitable agitation, spinner flasks, 
stirred bioreactors, airlift bioreactors, membrane bioreactors, 
reactors with cells retained on a solid support or immobilized/ 
entrapped as in microporous beads and any other configura 
tion appropriate for optimal growth and productivity of the 
desired cell line 
Supplementation with Asparagine and/or Glutamine 

According to the present invention the concentration of 
asparagine and/or glutamine may be modified to achieve 
desirable oligosaccharide distribution. For example, but not 
by way of limitation, by adjusting the concentration of one or 
both of these two amino acids, the resultant oligosaccharide 
distribution can be modified. Thus, this disclosure provides a 
means to modulate glycosylation variations introduced by 
process inputs, such as raw materials and other variability 
inherent in dynamic manufacturing operations. Ultimately, 
the disclosure enables in-process control of protein glycosy 
lation with respect to desired product specifications. 
The experiments disclosed herein demonstrate that, in cer 

tain embodiments, Supplementation of cell culture media 
with asparagine and/or glutamine can modulate product qual 
ity of a mAb by, in certain embodiments, increasing the 
NGA2F and NGA2F-GlcNac and, in certain embodiments, 
decreasing the NA1F and NA2F oligosaccharides. For 
example, but not by way of limitation, the percentage of 
NGA2F and NGA2F-GlcNac can be increased by 2-4% and 
the percentage of NA1F and NA2F was decreased by 2-5% 
when 0.4 to 1.6 g/L asparagine is added on either day 0 or days 
6 or 7, as outlined in Example 5, below. Similarly, addition of 
0.4 g/L glutamine, to the culture run described in Example 5. 
below, increased the percentage of NGA2F and NGA2F 
GlcNac by 1% and lowered the percentage of NA1F and 
NA2F by 1%. Finally, adding both asparagine and glutamine 
(0.4 g/L of each), to the cell culture run described in Example 
5, below, increased the percentage of NGA2F and NGA2F 
GlcNac by 3% and decreased the percentage of NA1F and 
NA2F by 4%. In addition, the cell growth profile is the same 
when 0.8 and 1.6 g/L of asparagine was added, but a dose 
dependent effect on oligosaccharide distribution was 
observed, indicating that the effect on oligosaccharide distri 
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bution was due to the addition of asparagine and not the 
increased maximum viable cell density or delayed drop in 
viability. 

In certain embodiments, about 0.1 to about 4 g/L, about 0.2 
to about 3 g/L or about 0.4 to about 2 g/L of asparagine and/or 
glutamine is added to the cell culture medium. In a particular 
embodiment, about 0.1 to about 4 g/L, about 0.2 to about 3 
g/L or about 0.4 to about 2 g/L of asparagine is added to the 
cell culture medium. In a particular embodiment, about 0.1 to 
about 4 g/L, about 0.2 to about 3 g/L or about 0.4 to about 2 
g/L of glutamine is added to the cell culture medium. 

In certain embodiments, the total amount of asparagine 
and/or glutamine in the cell culture media will range from 
about 0 mM to about 40 mM or about 0 mM to about 26 mM. 
In certain embodiments, for example, those embodiments 
where a hydrolysate media is employed, the range of aspar 
agine in the cell culture media will range from about 1 mM to 
about 15 mM. In certain embodiments, for example, but not 
limited to, those embodiments where GIA1 media is 
employed, the range of asparagine in the cell culture media 
will range from about 12 mM to about 26 mM. 

In certain embodiments, the concentration of asparagine 
and/or glutamine is maintained in Such a manner as to reduce 
the NA1F and NA2F sum in a protein or antibody sample by 
about 1%, 1.2%, 1.5%, 2%, 2.2%, 2.5%, 3%, 3.2%, 3.5%, 
4%, 4.2%, 4.5%. 5%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 
45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 
95%, 100% and ranges within one or more of the preceding. 
In certain embodiments, the concentration of asparagine and/ 
or glutamine is maintained in Such a manner as to increase the 
NGA2F and NGA2F-GlcNac sum in a protein or antibody 
sample by about 1%, 1.2%, 1.5%,2%, 2.2%, 2.5%,3%, 3.2%, 
3.5%, 4%, 4.2%, 4.5%. 5%, 10%, 15%, 20%, 25%, 30%, 
35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 
85%, 90%, 95%, 100% and ranges within one or more of the 
preceding. 

In particular embodiments, the cell culture medium 
includes asparagine prior to modulating the concentration 
thereof as set forth herein. In another embodiment, the cell 
culture medium is Substantially free of asparagine prior to 
modulating the concentration thereofas set forth herein. 

In particular embodiments, the cell culture medium 
includes glutamine prior to modulating the concentration 
thereof as set forth herein. In another embodiment, the cell 
culture medium is substantially free of glutamine prior to 
modulating the concentration thereofas set forth herein. 

In other embodiments, the cell culture medium includes 
both asparagine and glutamine prior to modulating the con 
centration of each as set forth herein. In another embodiment, 
the cell culture medium is substantially free of both aspar 
agine and glutamine prior to modulating the concentration 
thereofas set forth herein. 

In certain embodiments, control over the glycosylation 
distribution of protein produced by cell culture can be exerted 
by maintaining the appropriate asparagine and/or glutamine 
concentration in the cell culture expressing the protein of 
interest as described herein. Specific culture conditions can 
be used in various cultivation methods including, but not 
limited to, batch, fed-batch, chemostat and perfusion and with 
various cell culture equipment including, but not limited to, 
shake flasks with or without Suitable agitation, spinner flasks, 
stirred bioreactors, airlift bioreactors, membrane bioreactors, 
reactors with cells retained on a solid support or immobilized/ 
entrapped as in microporous beads and any other configura 
tion appropriate for optimal growth and productivity of the 
desired cell line. 
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Assay for Analyzing Oligosaccharide Distribution 
Oligosaccharide distribution can be assayed by obtaining a 

profile of the various oligosaccharides present in a sample of 
the protein of interest. By way of example, the first step in the 
profiling of glycans can involve releasing the glycan from the 
protein using enzymatic digestion with a N-glycanase, e.g. 
PNGase For PNGase A. (Varki et al. Essentials of Glycobi 
ology, 2" Ed. Publisher Cold Spring Harbor, Chapter 47, 
2009). N-Glycanase cleaves the GlcNAc-Asnbond, releasing 
the N-glycan and converting asparagine into aspartate. Upon 
release, the free reducing end of each glycan can be labeled by 
reductive amination with a fluorescent tag such as 2-ami 
nopyridine (2-AP), 2-aminobenzamide (2-AB), 2,6-diami 
nopyridine (DAP), or biotinylated 2,6-diaminopyridine 
(BAP). The resulting labeled mixture of glycans can be sepa 
rated by normal-phase HPLC (NP-HPLC) and detected by a 
fluorescence detector. The fluorescent tag also allows quan 
titation of the glycan. The chromatographic profile of the 
mixture is compared with that of well characterized oligosac 
charides standards. Such comparison makes it possible to 
estimate the number, relative quantities, and types of glycans 
present in a glycoprotein. Individual fractions may be further 
analyzed by MS or NMR. Sequential treatments with specific 
exoglycosidases followed by labeling at the reducing end 
may also be used to obtain structural information of the gly 
cans. A shift in glycan HPLC elution indicates susceptibility 
to the specific glycosidase. Alternatively or in combination, 
the oligosaccharide distribution of a protein sample can be 
assayed as set forth in the Examples (see, for example, the 
materials and methods provided in Example 1.1). 
Antibody Generation 

Antibodies to be recombinantly produced by the methods 
of the present invention can be generated by a variety of 
techniques, including immunization of an animal with the 
antigen of interest followed by conventional monoclonal anti 
body methodologies e.g., the standard somatic cell hybrid 
ization technique of Kohler and Milstein (1975) Nature 256: 
495. Although somatic cell hybridization procedures are pre 
ferred, in principle, other techniques for producing mono 
clonal antibody can be employed e.g., viral or oncogenic 
transformation of B lymphocytes. 

In certain embodiments, the animal system for preparing 
hybridomas is the murine system. Hybridoma production is a 
well-established procedure. Immunization protocols and 
techniques for isolation of immunized splenocytes for fusion 
are known in the art. Fusion partners (e.g., murine myeloma 
cells) and fusion procedures are also known. 
An antibody can be, in certain embodiments, a human, a 

chimeric or a humanized antibody. Humanized antibodies of 
the present disclosure can be prepared based on the sequence 
of a non-human monoclonal antibody prepared as described 
above. DNA encoding the heavy and light chain immunoglo 
bulins can be obtained from the non-human hybridoma of 
interest and engineered to contain non-murine (e.g., human) 
immunoglobulin sequences using standard molecular biol 
ogy techniques. For example, to create a chimeric antibody, 
murine variable regions can be linked to human constant 
regions using methods known in the art (see e.g., U.S. Pat. No. 
4,816,567 to Cabilly et al.). To create a humanized antibody, 
murine CDR regions can be inserted into a human framework 
using methods known in the art (see e.g., U.S. Pat. No. 5.225, 
539 to Winter and U.S. Pat. Nos. 5,530,101: 5,585,089: 5,693, 
762 and 6,180,370 to Queen et al.). 
Human monoclonal antibodies can be generated using 

transgenic or transchromosomic mice carrying parts of the 
human immune system rather than the mouse system. These 
transgenic and transchromosomic mice include mice referred 
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to herein as the HuMAb Mouse(R) (Medarex, Inc.), KM 
Mouse(R) (Medarex, Inc.) and XenoMouseR (Amgen). 

Moreover, alternative transchromosomic animal systems 
expressing human immunoglobulin genes are available in the 
art and can be used to raise antibodies of the disclosure. For 
example, mice carrying both a human heavy chain transchro 
mosome and a human light chain tranchromosome, referred 
to as “TC mice’ can be used; such mice are described in 
Tomizuka et al. (2000) Proc. Natl. Acad. Sci. USA 97:722 
727. Furthermore, cows carrying human heavy and light 
chain transchromosomes have been described in the art (e.g., 
Kuroiwa et al. (2002) Nature Biotechnology 20:889-894 and 
PCT application No. WO 2002/092812) and can be used to 
raise the antibodies of this disclosure. 

In certain embodiments, the antibodies of this disclosure 
are recombinant human antibodies, which can be isolated by 
screening of a recombinant combinatorial antibody library, 
e.g., a scV phage display library, prepared using human VL 
and VH clNAs prepared from mRNA derived from human 
lymphocytes. Methodologies for preparing and Screening 
Such libraries are known in the art. In addition to commer 
cially available kits for generating phage display libraries 
(e.g., the Pharmacia Recombinant Phage Antibody System, 
catalog no. 27-94.00-01; and the Stratagene Surf7APTM phage 
display kit, catalog no. 240612, the entire teachings of which 
are incorporated herein), examples of methods and reagents 
particularly amenable for use in generating and screening 
antibody display libraries can be found in, e.g., Ladner et al. 
U.S. Pat. No. 5,223,409: Kanget al. PCT Publication No. WO 
92/186 19: Dower et al. PCT Publication No. WO 91/1.7271; 
Winteretal. PCT Publication No. WO92/20791; Marklandet 
al. PCT Publication No. WO92/15679; Breitling et al. PCT 
Publication No. WO 93/01288; McCafferty et al. PCT Pub 
lication No. WO92/01047: Garrard et al. PCT Publication 
No. WO 92/09690; Fuchs et al. (1991) Bio/Technology 
9:1370-1372; Hay et al. (1992) Hum Antibod Hybridomas 
3:81–85; Huse et al. (1989) Science 246:1275-1281; McCaf 
ferty et al., Nature (1990)348:552-554; Griffiths et al. (1993) 
EMBOJ 12:725-734; Hawkins et al. (1992) J Mol Biol 226: 
889-896; Clackson et al. (1991) Nature 352:624-628; Gramet 
al. (1992) PNAS 89:3576-3580; Garrard et al. (1991) Bio/ 
Technology 9:1373-1377; Hoogenboom et al. (1991) Nuc 
Acid Res 19:4133-4137; and Barbas et al. (1991) PNAS 
88:7978-7982; the entire teachings of which are incorporated 
herein. 
Human monoclonal antibodies of this disclosure can also 

be prepared using SCID mice into which human immune 
cells have been reconstituted such that a human antibody 
response can be generated upon immunization. Such mice are 
described in, for example, U.S. Pat. Nos. 5,476,996 and 
5,698,767 to Wilson et al. 
The antibodies or antigen-binding portions thereof can be 

altered wherein the constant region of the antibody is modi 
fied to reduce at least one constant region-mediated biologi 
cal effector function relative to an unmodified antibody. To 
modify an antibody of the invention such that it exhibits 
reduced binding to the Fc receptor, the immunoglobulin con 
stant region segment of the antibody can be mutated at par 
ticular regions necessary for Fc receptor (FcR) interactions 
(see, e.g., Canfield and Morrison (1991) J. Exp. Med. 173: 
1483-1491; and Lund et al. (1991).J. of Immunol. 147:2657 
2662, the entire teachings of which are incorporated herein). 
Reduction in FcR binding ability of the antibody may also 
reduce other effector functions which rely on FcR interac 
tions, such as opSonization and phagocytosis and antigen 
dependent cellular cytotoxicity. 
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Antibody Production 
To express an antibody of the invention, DNAs encoding 

partial or full-length light and heavy chains are inserted into 
one or more expression vector Such that the genes are opera 
tively linked to transcriptional and translational control 
sequences. (See, e.g., U.S. Pat. No. 6,914,128, the entire 
teaching of which is incorporated herein by reference.) In this 
context, the term “operatively linked' is intended to mean that 
an antibody gene is ligated into a vector Such that transcrip 
tional and translational control sequences within the vector 
serve their intended function of regulating the transcription 
and translation of the antibody gene. The expression vector 
and expression control sequences are chosen to be compatible 
with the expression host cell used. The antibody light chain 
gene and the antibody heavy chain gene can be inserted into 
a separate vector or, more typically, both genes are inserted 
into the same expression vector. The antibody genes are 
inserted into an expression vector by standard methods (e.g., 
ligation of complementary restriction sites on the antibody 
gene fragment and vector or bluntend ligation if no restriction 
sites are present). Prior to insertion of the antibody or anti 
body-related light or heavy chain sequences, the expression 
vector may already carry antibody constant region sequences. 
Additionally or alternatively, the recombinant expression 
vector can encode a signal peptide that facilitates secretion of 
the antibody chain from a host cell. The antibody chain gene 
can be cloned into the vector Such that the signal peptide is 
linked in-frame to the amino terminus of the antibody chain 
gene. The signal peptide can be an immunoglobulin signal 
peptide or a heterologous signal peptide (i.e., a signal peptide 
from a non-immunoglobulin protein). 

In addition to the antibody chain genes, a recombinant 
expression vector of the invention can carry one or more 
regulatory sequence that controls the expression of the anti 
body chain genes in a host cell. The term “regulatory 
sequence' is intended to include promoters, enhancers and 
other expression control elements (e.g., polyadenylation sig 
nals) that control the transcription or translation of the anti 
body chain genes. Such regulatory sequences are described, 
e.g., in Goeddel; Gene Expression Technology: Methods in 
Enzymology 185, Academic Press, San Diego, Calif. (1990), 
the entire teaching of which is incorporated herein by refer 
ence. It will be appreciated by those skilled in the art that the 
design of the expression vector, including the selection of 
regulatory sequences may depend on Such factors as the 
choice of the host cell to be transformed, the level of expres 
sion of protein desired, etc. Suitable regulatory sequences for 
mammalian host cell expression include viral elements that 
direct high levels of protein expression in mammalian cells, 
Such as promoters and/or enhancers derived from cytomega 
lovirus (CMV) (such as the CMV promoter/enhancer), Sim 
ian Virus 40 (SV40) (such as the SV40 promoter/enhancer), 
adenovirus, (e.g., the adenovirus major late promoter (Ad 
MLP)) and polyoma. For further description of viral regula 
tory elements and sequences thereof, see, e.g., U.S. Pat. No. 
5,168,062 by Stinski, U.S. Pat. No. 4,510,245 by Bell et al. 
and U.S. Pat. No. 4,968,615 by Schaffner et al., the entire 
teachings of which are incorporated herein by reference. 

In addition to the antibody chain genes and regulatory 
sequences, a recombinant expression vector of the invention 
may carry one or more additional sequences. Such as a 
sequence that regulates replication of the vector in host cells 
(e.g. origins of replication) and/or a selectable marker gene. 
The selectable marker gene facilitates selection of host cells 
into which the vector has been introduced (see e.g., U.S. Pat. 
Nos. 4,399.216, 4,634,665 and 5,179,017, all by Axel et al., 
the entire teachings of which are incorporated herein by ref 
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erence). For example, typically the selectable marker gene 
confers resistance to drugs, such as G418, hygromycin or 
methotrexate, on a host cell into which the vector has been 
introduced. Suitable selectable marker genes include the 
dihydrofolate reductase (DHFR) gene (for use in dhfr-host 
cells with methotrexate selection/amplification) and the neo 
gene (for G418 selection). 
An antibody of the invention can be prepared by recombi 

nant expression of immunoglobulin light and heavy chain 
genes in a host cell. To express an antibody recombinantly, a 
host cell is transfected with one or more recombinant expres 
sion vectors carrying DNA fragments encoding the immuno 
globulin light and heavy chains of the antibody such that the 
light and heavy chains are expressed in the host cell and 
secreted into the medium in which the host cells are cultured, 
from which medium the antibodies can be recovered. Stan 
dard recombinant DNA methodologies are used to obtain 
antibody heavy and light chain genes, incorporate these genes 
into recombinant expression vectors and introduce the vec 
tors into host cells, such as those described in Sambrook, 
Fritsch and Maniatis (eds), Molecular Cloning: A Laboratory 
Manual, Second Edition, Cold Spring Harbor, N.Y., (1989), 
Ausubel et al. (eds.) Current Protocols in Molecular Biology, 
Greene Publishing Associates, (1989) and in U.S. Pat. Nos. 
4,816,397 & 6,914,128, the entire teachings of which are 
incorporated herein. 

For expression of the light and heavy chains, the expression 
vector(s) encoding the heavy and light chains is (are) trans 
fected into a host cell by standard techniques. The various 
forms of the term “transfection” are intended to encompass a 
wide variety of techniques commonly used for the introduc 
tion of exogenous DNA into a prokaryotic or eukaryotic host 
cell, e.g., electroporation, calcium-phosphate precipitation, 
DEAE-dextran transfection and the like. Although it is theo 
retically possible to express the antibodies of the invention in 
either prokaryotic or eukaryotic host cells, expression of anti 
bodies in eukaryotic cells, such as mammalian host cells, is 
Suitable because Such eukaryotic cells and in particular mam 
malian cells, are more likely than prokaryotic cells to 
assemble and secrete a properly folded and immunologically 
active antibody. Prokaryotic expression of antibody genes has 
been reported to be ineffective for production of highyields of 
active antibody (Boss and Wood (1985) Immunology Today 
6:12-13, the entire teaching of which is incorporated herein 
by reference). 

Suitable host cells for cloning or expressing the DNA in the 
vectors herein are the prokaryote, yeast or higher eukaryote 
cells described above. Suitable prokaryotes for this purpose 
include eubacteria, such as Gram-negative or Gram-positive 
organisms, e.g., Enterobacteriaceae such as Escherichia, e.g., 
E. coli, Enterobacter, Erwinia, Klebsiella, Proteus, Salmo 
nella, e.g., Salmonella typhimurium, Serratia, e.g., Serratia 
marcescans and Shigella, as well as Bacilli Such as B. subtilis 
and B. licheniformis (e.g., B. licheniformis 41P disclosed in 
DD 266,710 published Apr. 12, 1989), Pseudomonas such as 
P. aeruginosa and Streptomyces. One Suitable E. coli cloning 
hostis E. coli 294 (ATCC31,446), although other strains such 
as E. coli B, E. coli X1776 (ATCC31,537) and E. coli W3110 
(ATCC 27.325) are suitable. These examples are illustrative 
rather than limiting. 

In addition to prokaryotes, eukaryotic microbes Such as 
filamentous fungi or yeast are Suitable cloning or expression 
hosts for polypeptide encoding vectors. Saccharomyces cer 
evisiae or common baker's yeast, is the most commonly used 
among lower eukaryotic host microorganisms. However, a 
number of other genera, species and strains are commonly 
available and useful herein, Such as Schizosaccharomyces 
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pombe, Kluyveromyces hosts Such as, e.g., K. lactis, K. fra 
gilis (ATCC 12,424), K. bulgaricus (ATCC 16,045), K. wick 
eramii (ATCC 24,178), K. waltii (ATCC 56.500), K. droso 
philarum (ATCC 36,906), K. thermotolerans and K. 
marxianus, yarrowia (EP402.226); Pichia pastoris (EP 183, 
070): Candida, Trichoderma reesia (EP 244,234); Neuro 
spora Crassa, Schwanniomyces Such as Schwanniomyces 
occidentalis; and filamentous fungi such as, e.g., Neurospora, 
Penicillium, Tolypocladium and Aspergillus hosts such as A. 
nidulans and A. niger. 

Suitable host cells for the expression of glycosylated anti 
bodies are derived from multicellular organisms. Examples 
of invertebrate cells include plant and insect cells. Numerous 
baculoviral Strains and variants and corresponding permis 
sive insect host cells from hosts such as Spodoptera fru 
giperda (caterpillar), Aedes aegypti (mosquito), Aedes albop 
ictus (mosquito), Drosophila melanogaster (fruitfly) and 
Bombyx mori have been identified. A variety of viral strains 
for transfection are publicly available, e.g., the L-1 variant of 
Autographa Californica NPV and the Bm-5 strain of Bombyx 
mori NPV and such viruses may be used as the virus herein 
according to the present invention, particularly for transfec 
tion of Spodoptera frugiperda cells. Plant cell cultures of 
cotton, corn, potato, soybean, petunia, tomato and tobacco 
can also be utilized as hosts. 

Suitable mammalian host cells for expressing the recom 
binant antibodies of the invention include Chinese Hamster 
Ovary (CHO cells) (including dhfr-CHO cells, described in 
Urlaub and Chasin, (1980) PNAS USA 77:4216-4220, used 
with a DHFR selectable marker, e.g., as described in Kauf 
man and Sharp (1982) Mol. Biol. 159:601-621, the entire 
teachings of which are incorporated herein by reference), 
NS0 myeloma cells, COS cells and SP2 cells. When recom 
binant expression vectors encoding antibody genes are intro 
duced into mammalian host cells, the antibodies are produced 
by culturing the host cells for a period of time sufficient to 
allow for expression of the antibody in the host cells or 
secretion of the antibody into the culture medium in which the 
host cells are grown. Other examples of useful mammalian 
host cell lines are monkey kidney CV1 line transformed by 
SV40 (COS-7, ATCCCRL 1651); human embryonic kidney 
line (293 or 293 cells subcloned for growth in suspension 
culture, Graham et al., J. Gen Virol. 36:59 (1977)); baby 
hamster kidney cells (BHK, ATCC CCL 10); Chinese ham 
sterovary cells/-DHFR(CHO, Urlaub et al., Proc. Natl. Acad. 
Sci. USA 77:4216 (1980)); mouse sertolicells (TM4, Mather, 
Biol. Reprod. 23:243-251 (1980)); monkey kidney cells 
(CV1 ATCC CCL 70); African green monkey kidney cells 
(VERO-76, ATCC CRL-1587); human cervical carcinoma 
cells (HELA, ATCC CCL 2); canine kidney cells (MDCK, 
ATCCCCL34); buffalo rat liver cells (BRL3A, ATCCCRL 
1442); human lung cells (W138, ATCCCCL75); human liver 
cells (Hep G2, HB 8065); mouse mammary tumor (MMT 
060562, ATCCCCL51); TRI cells (Matheret al., Annals N.Y. 
Acad. Sci. 383:44-68 (1982)): MRC5 cells: FS4 cells; and a 
human hepatoma line (Hep G2), the entire teachings of which 
are incorporated herein by reference. 

Host cells are transformed with the above-described 
expression or cloning vectors for antibody production and 
cultured in conventional nutrient media modified as appro 
priate for inducing promoters, selecting transformants or 
amplifying the genes encoding the desired sequences. 
The host cells used to produce an antibody may be cultured 

in a variety of media. Commercially available media Such as 
Ham's F10TM (Sigma), Minimal Essential MediumTM 
((MEM), (Sigma), RPMI-1640 (Sigma) and Dulbecco's 
Modified Eagle's MediumTM (DMEM), Sigma) are suitable 
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for culturing the host cells. In addition, any of the media 
described in Ham et al., Meth. Enz. 58:44 (1979), Barnes et 
al., Anal. Biochem. 102:255 (1980), U.S. Pat. Nos. 4,767, 
704; 4,657,866; 4,927,762; 4,560,655; or 5, 122,469: WO 
90/03430; WO 87/00195; or U.S. Pat. No. Re. 30,985 may be 
used as culture media for the host cells, the entire teachings of 
which are incorporated herein by reference. Any of these 
media may be Supplemented as necessary with hormones 
and/or other growth factors (such as insulin, transferrin or 
epidermal growth factor), salts (such as Sodium chloride, 
calcium, magnesium and phosphate), buffers (such as 
HEPES), nucleotides (such as adenosine and thymidine), 
antibiotics (such as gentamycin drug), trace elements (de 
fined as inorganic compounds usually presentat final concen 
trations in the micromolar range) and glucose oran equivalent 
energy source. Any other necessary Supplements may also be 
included at appropriate concentrations that would be known 
to those skilled in the art. The culture conditions, such as 
temperature, pH and the like, are those previously used with 
the host cell selected for expression and will be apparent to 
the ordinarily skilled artisan. 

Host cells can also be used to produce portions of intact 
antibodies, such as Fab fragments or ScFv molecules. It is 
understood that variations on the above procedure are within 
the scope of the present invention. For example, in certain 
embodiments it may be desirable to transfect a host cell with 
DNA encoding either the light chain or the heavy chain (but 
not both) of an antibody of this invention. Recombinant DNA 
technology may also be used to remove some or all of the 
DNA encoding either or both of the light and heavy chains 
that is not necessary for binding to the antigen to which the 
putative antibody of interest binds. The molecules expressed 
from Such truncated DNA molecules are also encompassed 
by the antibodies of the invention. In addition, bifunctional 
antibodies may be produced in which one heavy and one light 
chain are an antibody of the invention and the other heavy and 
light chain are specific for an antigen other than the one to 
which the putative antibody of interest binds, depending on 
the specificity of the antibody of the invention, by crosslink 
ing an antibody of the invention to a second antibody by 
standard chemical crosslinking methods. 

In a suitable system for recombinant expression of an anti 
body of the invention, a recombinant expression vector 
encoding both the antibody heavy chain and the antibody 
light chain is introduced into dhfr-CHO cells by calcium 
phosphate-mediated transfection. Within the recombinant 
expression vector, the antibody heavy and light chain genes 
are each operatively linked to CMV enhancer/AdMLP pro 
moter regulatory elements to drive high levels of transcription 
of the genes. The recombinant expression vector also carries 
a DHFR gene, which allows for selection of CHO cells that 
have been transfected with the vector using methotrexate 
selection/amplification. The selected transformant host cells 
are cultured to allow for expression of the antibody heavy and 
light chains and intact antibody is recovered from the culture 
medium. Standard molecular biology techniques are used to 
prepare the recombinant expression vector, transfect the host 
cells, select for transformants, culture the host cells and 
recover the antibody from the culture medium. 
When using recombinant techniques, the antibody can be 

produced intracellularly, in the periplasmic space or directly 
secreted into the medium. In one aspect, if the antibody is 
produced intracellularly, as a first step, the particulate debris, 
either host cells or lysed cells (e.g., resulting from homogeni 
Zation), can be removed, e.g., by centrifugation or ultrafiltra 
tion. Where the antibody is secreted into the medium, super 
natants from Such expression systems can be first 
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concentrated using a commercially available protein concen 
tration filter, e.g., an AmiconTM or Millipore PelliconTM ultra 
filtration unit. 

Prior to the process of the invention, procedures for puri 
fication of antibodies from cell debris initially depend on the 
site of expression of the antibody. Some antibodies can be 
secreted directly from the cell into the surrounding growth 
media; others are made intracellularly. For the latter antibod 
ies, the first step of a purification process typically involves: 
lysis of the cell, which can be done by a variety of methods, 
including mechanical shear, osmotic shock or enzymatic 
treatments. Such disruption releases the entire contents of the 
cell into the homogenate and in addition produces Subcellular 
fragments that are difficult to remove due to their small size. 
These are generally removed by differential centrifugation or 
by filtration. Where the antibody is secreted, supernatants 
from Such expression systems are generally first concentrated 
using a commercially available protein concentration filter, 
e.g., an AmiconTM or Millipore PelliconTM ultrafiltration unit. 
Where the antibody is secreted into the medium, the recom 
binant host cells can also be separated from the cell culture 
medium, e.g., by tangential flow filtration. Antibodies can be 
further recovered from the culture medium using the antibody 
purification methods of the invention. 
Methods of Treatment Using the Compositions of the Inven 
tion 

The compositions of the present invention including pro 
teins with controlled oligosaccharide heterogeneity, e.g., 
desired NGA2F and (NGA2F-GlcNAc) and/or NA1F and 
NA2F distribution, may be used to treat any disorder in a 
subject for which the therapeutic protein of interest (e.g., an 
antibody or an antigen binding portion thereof) comprised in 
the composition is appropriate for treating. 
A “disorder is any condition that would benefit from 

treatment with the protein of interest. This includes chronic 
and acute disorders or diseases including those pathological 
conditions which predispose the subject to the disorder in 
question. In the case of an anti-TNFC. antibody or antigen 
binding portion thereof. Such as adalimumab, a therapeuti 
cally effective amount of the controlled protein heterogeneity 
composition may be administered to treat a disorder in which 
TNFC. activity is detrimental. 
A disorder in which TNFC. activity is detrimental includes 

a disorder in which inhibition of TNFC. activity is expected to 
alleviate the symptoms and/or progression of the disorder. 
Such disorders may be evidenced, for example, by an increase 
in the concentration of TNFC. in a biological fluid of a subject 
Suffering from the disorder (e.g., an increase in the concen 
tration of TNFC. in serum, plasma, synovial fluid, etc. of the 
Subject), which can be detected, for example, using an anti 
TNFC. antibody. 

TNFC. has been implicated in the pathophysiology of a 
wide variety of a TNFC.-related disorders including sepsis, 
infections, autoimmune diseases, transplant rejection and 
graft-versus-host disease (see e.g., Moeller, A., et al. (1990) 
Cytokine 2:162-169; U.S. Pat. No. 5,231,024 to Moelleret al.: 
European Patent Publication No. 260 610 B1 by Moeller, A., 
et al. Vasilli, P. (1992) Annu. Rev. Immunol. 10:411-452: 
Tracey, K.J. and Cerami, A. (1994) Annu. Rev. Med. 45:491 
503). Accordingly, the controlled protein heterogeneity com 
position of the invention may be used to treat an autoimmune 
disease. Such as rheumatoid arthritis, juvenile idiopathic 
arthritis or psoriatic arthritis, an intestinal disorder, such as 
Crohn's disease or ulcerative colitis, a spondyloarthropathy, 
Such as ankylosing spondylitis or a skin disorder. Such as 
psoriasis. 
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Disorders in which TNFO activity is detrimental are well 

known in the art and described in detail in U.S. Pat. No. 
8,231,876 and U.S. Pat. No. 6,090,382, the entire contents of 
each of which are expressly incorporated herein by reference. 
In one embodiment, “a disorder in which TNFC. activity is 
detrimental” includes sepsis (including septic shock, endot 
oxic shock, gram negative sepsis and toxic shock syndrome), 
autoimmune diseases (including rheumatoid arthritis, rheu 
matoid spondylitis, osteoarthritis and gouty arthritis, allergy, 
multiple Sclerosis, autoimmune diabetes, autoimmune uvei 
tis, nephrotic syndrome, multisystem autoimmune diseases, 
lupus (including systemic lupus, lupus nephritis and lupus 
cerebritis), Crohn's disease and autoimmune hearing loss), 
infectious diseases (including malaria, meningitis, acquired 
immune deficiency syndrome (AIDS), influenza and 
cachexia secondary to infection), allograft rejection and graft 
Versus host disease, malignancy, pulmonary disorders (in 
cluding adult respiratory distress syndrome (ARDS), shock 
lung, chronic pulmonary inflammatory disease, pulmonary 
sarcoidosis, pulmonary fibrosis, silicosis, idiopathic intersti 
tial lung disease and chronic obstructive airway disorders 
(COPD), such as asthma), intestinal disorders (including 
inflammatory bowel disorders, idiopathic inflammatory 
bowel disease, Crohn's disease and Crohn's disease-related 
disorders (including fistulas in the bladder, vagina and skin; 
bowel obstructions; abscesses; nutritional deficiencies; com 
plications from corticosteroid use; inflammation of the joints; 
erythem nodosum, pyoderma gangrenosum, lesions of the 
eye, Crohn's related arthralgias, fistulizing Crohn's indeter 
minant colitis and pouchitis), cardiac disorders (including 
ischemia of the heart, heart insufficiency, restenosis, conges 
tive heart failure, coronary artery disease, angina pectoris, 
myocardial infarction, cardiovascular tissue damage caused 
by cardiac arrest, cardiovascular tissue damage caused by 
cardiac bypass, cardiogenic shock and hypertension, athero 
Sclerosis, cardiomyopathy, coronary artery spasm, coronary 
artery disease, valvular disease, arrhythmias and cardiomyo 
pathies), spondyloarthropathies (including ankylosing 
spondylitis, psoriatic arthritis/spondylitis, enteropathic 
arthritis, reactive arthritis or Reiter's syndrome and undiffer 
entiated spondyloarthropathies), metabolic disorders (in 
cluding obesity and diabetes, including type 1 diabetes mel 
litus, type 2 diabetes mellitus, diabetic neuropathy, peripheral 
neuropathy, diabetic retinopathy, diabetic ulcerations, retin 
opathy ulcerations and diabetic macrovasculopathy), anemia, 
pain (including acute and chronic pains, such as neuropathic 
pain and post-operative pain, chronic lowerback pain, cluster 
headaches, herpes neuralgia, phantom limb pain, central pain, 
dental pain, opioid-resistant pain, visceral pain, Surgical pain, 
bone injury pain, pain during labor and delivery, pain result 
ing from burns, including Sunburn, post partum pain, 
migraine, angina pain and genitourinary tract-related pain 
including cystitis), hepatic disorders (including hepatitis, 
alcoholic hepatitis, viral hepatitis, alcoholic cirrhosis, all anti 
typsin deficiency, autoimmune cirrhosis, cryptogenic cirrho 
sis, fulminant hepatitis, hepatitis B and C and steatohepatitis, 
cystic fibrosis, primary biliary cirrhosis, Sclerosing cholangi 
tis and biliary obstruction), skin and nail disorders (including 
psoriasis (including chronic plaque psoriasis, guttate psoria 
sis, inverse psoriasis, pustular psoriasis and other psoriasis 
disorders), pemphigus vulgaris, scleroderma, atopic derma 
titis (eczema), sarcoidosis, erythema nodosum, hidradenitis 
Suppurative, lichen planus, Sweet's syndrome, Scleroderma 
and vitiligo), Vasculitides (including Behcet’s disease) and 
other disorders, such as juvenile rheumatoid arthritis (JRA), 
endometriosis, prostatitis, choroidal neovascularization, sci 
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atica, Sjogren's syndrome, uveitis, wet macular degenera 
tion, osteoporosis and osteoarthritis. 
As used herein, the term “subject' is intended to include 

living organisms, e.g., prokaryotes and eukaryotes. Examples 
of Subjects include mammals, e.g., humans, dogs, cows, 
horses, pigs, sheep, goats, cats, mice, rabbits, rats and trans 
genic non-human animals. In specific embodiments of the 
invention, the Subject is a human. 
As used herein, the term “treatment' or “treat” refers to 

both therapeutic treatment and prophylactic or preventative 
measures. Those in need of treatment include those already 
with the disorder, as well as those in which the disorder is to 
be prevented. 

In one embodiment, the invention provides a method of 
administering compositions of an anti-TNFC. antibody or 
antigenbinding portion thereof, with desired oligosaccharide 
heterogeneity, e.g., desired NGA2F and (NGA2F-GlcNAc) 
and/or NA1F and NA2F distribution, to a subject such that 
TNFO activity is inhibited or a disorder in which TNFC. 
activity is detrimental is treated. In one embodiment, the 
TNFC. is human TNFC. and the subject is a human subject. In 
one embodiment, the anti-TNFC. antibody is adalimumab, 
also referred to as HUMIRACR). 
The controlled protein heterogeneity compositions of the 

invention can be administered by a variety of methods known 
in the art. Exemplary routes/modes of administration include 
Subcutaneous injection, intravenous injection or infusion. In 
certain aspects, a controlled protein heterogeneity composi 
tion may be orally administered. As will be appreciated by the 
skilled artisan, the route and/or mode of administration will 
vary depending upon the desired results. 

Dosage regimens may be adjusted to provide the optimum 
desired response (e.g., a therapeutic or prophylactic 
response). For example, a single bolus may be administered, 
several divided doses may be administered over time or the 
dose may be proportionally reduced or increased as indicated 
by the exigencies of the therapeutic situation. In certain 
embodiments, it is especially advantageous to formulate 
parenteral compositions in dosage unit form for ease of 
administration and uniformity of dosage. Dosage unit form as 
used herein refers to physically discrete units Suited as unitary 
dosages for the mammalian Subjects to be treated; each unit 
comprising a predetermined quantity of active compound 
calculated to produce the desired therapeutic effect in asso 
ciation with the required pharmaceutical carrier. The specifi 
cation for the dosage unit forms of the invention are dictated 
by and directly dependent on (a) the unique characteristics of 
the active compound and the particular therapeutic or prophy 
lactic effect to be achieved and (b) the limitations inherent in 
the art of compounding Such an active compound for the 
treatment of sensitivity in individuals. 
An exemplary, non-limiting range for a therapeutically or 

prophylactically effective amount of a controlled protein het 
erogeneity composition of the invention is 0.01-20 mg/kg or 
1-10 mg/kg or 0.3-1 mg/kg. With respect to controlled protein 
heterogeneity composition comprising an anti-TNFC. anti 
body or antigen-binding portion thereof. Such as adali 
mumab, an exemplary dose is 40 mg every other week. In 
Some embodiments, in particular for treatment of ulcerative 
colitis or Crohn's disease, an exemplary dose includes an 
initial dose (Day 1) of 160 mg (e.g., four 40 mg injections in 
one day or two 40 mg injections per day for two consecutive 
days), a second dose two weeks later of 80 mg and a mainte 
nance dose of 40 mg every other week beginning two weeks 
later. Alternatively, for psoriasis for example, a dosage can 
include an 80 mg initial dose followed by 40 mg every other 
week starting one week after the initial dose. 
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It is to be noted that dosage values may vary with the type 

and severity of the condition to be alleviated. It is to be further 
understood that for any particular Subject, specific dosage 
regimens should be adjusted over time according to the indi 
vidual need and the professional judgment of the person 
administering or Supervising the administration of the com 
positions and that dosage ranges set forth herein are exem 
plary only and are not intended to limit the scope or practice 
of the claimed composition. 
Pharmaceutical Formulations Containing the Controlled Pro 
tein Heterogeneity Compositions of the Invention 
The present invention further provides preparations and 

formulations comprising controlled protein heterogeneity 
compositions, e.g., having desired NGA2F and (NGA2F 
GlcNAc) and/or NA1F and NA2F distribution, of the inven 
tion. It should be understood that any of the proteins of 
interest, such as antibodies and antibody fragments described 
herein, including proteins of interest having any one or more 
of the structural and functional features described in detail 
throughout the application, may be formulated or prepared as 
described below. When various formulations are described in 
this section as including a protein of interest, Such as an 
antibody, it is understood that Such a protein of interest may 
be a protein having any one or more of the characteristics of 
the proteins of interest described herein. In one embodiment, 
the antibody is an anti-TNFC. antibody or antigen-binding 
portion thereof. 

In certain embodiments, the controlled protein heteroge 
neity compositions of the invention may beformulated with a 
pharmaceutically acceptable carrier as pharmaceutical 
(therapeutic) compositions and may be administered by a 
variety of methods known in the art. As will be appreciated by 
the skilled artisan, the route and/or mode of administration 
will vary depending upon the desired results. The term “phar 
maceutically acceptable carrier” means one or more non 
toxic materials that do not interfere with the effectiveness of 
the biological activity of the active ingredients. Such prepa 
rations may routinely contain salts, buffering agents, preser 
Vatives, compatible carriers and optionally other therapeutic 
agents. Such pharmaceutically acceptable preparations may 
also routinely contain compatible solid or liquid fillers, dilu 
ents or encapsulating Substances which are Suitable for 
administration into a human. The term “carrier denotes an 
organic or inorganic ingredient, natural or synthetic, with 
which the active ingredient is combined to facilitate the appli 
cation. The components of the pharmaceutical compositions 
also are capable of being co-mingled with the proteins of 
interest (e.g., antibodies) of the present invention and with 
each other, in a manner Such that there is no interaction which 
would substantially impair the desired pharmaceutical effi 
cacy. 
The controlled protein heterogeneity compositions of the 

invention are present in a form known in the art and accept 
able for therapeutic uses. In one embodiment, a formulation 
of the controlled protein heterogeneity compositions of the 
invention is a liquid formulation. In another embodiment, a 
formulation of the controlled protein heterogeneity composi 
tions of the invention is a lyophilized formulation. In a further 
embodiment, a formulation of the controlled protein hetero 
geneity compositions of the invention is a reconstituted liquid 
formulation. In one embodiment, a formulation of the con 
trolled protein heterogeneity compositions of the invention is 
a stable liquid formulation. In one embodiment, a liquid for 
mulation of the controlled protein heterogeneity composi 
tions of the invention is an aqueous formulation. In another 
embodiment, the liquid formulation is non-aqueous. In a spe 
cific embodiment, a liquid formulation of the controlled pro 
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tein heterogeneity compositions of the invention is an aque 
ous formulation wherein the aqueous carrier is distilled water. 
The formulations of the controlled protein heterogeneity 

compositions of the invention comprise a protein of interest 
(e.g., an antibody) in a concentration resulting in a w/v appro 
priate for a desired dose. The protein of interest may be 
present in the formulationata concentration of about 1 mg/ml 
to about 500 mg/ml, e.g., at a concentration of at least 1 
mg/ml, at least 5 mg/ml, at least 10 mg/ml, at least 15 mg/ml. 
at least 20 mg/ml, at least 25 mg/ml, at least 30 mg/ml, at least 
35 mg/ml, at least 40 mg/ml, at least 45 mg/ml, at least 50 
mg/ml, at least 55 mg/ml, at least 60 mg/ml, at least 65 mg/ml. 
at least 70 mg/ml, at least 75 mg/ml, at least 80 mg/ml, at least 
85 mg/ml, at least 90 mg/ml, at least 95 mg/ml, at least 100 
mg/ml, at least 105 mg/ml, at least 110 mg/ml, at least 115 
mg/ml, at least 120 mg/ml, at least 125 mg/ml, at least 130 
mg/ml, at least 135 mg/ml, at least 140 mg/ml, at least 150 
mg/ml, at least 200 mg/ml, at least 250 mg/ml or at least 300 
mg/ml. 

In a specific embodiment, a formulation of the controlled 
protein heterogeneity compositions of the invention com 
prises at least about 100 mg/ml, at least about 125 mg/ml, at 
least 130 mg/ml or at least about 150 mg/ml of protein of 
interest (e.g., an antibody) of the invention. 

In one embodiment, the concentration of protein of interest 
(e.g., antibody), which is included in the formulation of the 
invention, is between about 1 mg/ml and about 25 mg/ml. 
between about 1 mg/ml and about 200 mg/ml, between about 
25 mg/ml and about 200 mg/ml, between about 50 mg/mland 
about 200 mg/ml, between about 75 mg/ml and about 200 
mg/ml, between about 100 mg/ml and about 200 mg/ml, 
between about 125 mg/ml and about 200 mg/ml, between 
about 150 mg/ml and about 200 mg/ml, between about 25 
mg/ml and about 150 mg/ml, between about 50 mg/ml and 
about 150 mg/ml, between about 75 mg/ml and about 150 
mg/ml, between about 100 mg/ml and about 150 mg/ml, 
between about 125 mg/ml and about 150 mg/ml, between 
about 25 mg/ml and about 125 mg/ml, between about 50 
mg/ml and about 125 mg/ml, between about 75 mg/ml and 
about 125 mg/ml, between about 100 mg/ml and about 125 
mg/ml, between about 25 mg/ml and about 100 mg/ml, 
between about 50 mg/ml and about 100 mg/ml, between 
about 75 mg/ml and about 100 mg/ml, between about 25 
mg/ml and about 75 mg/ml, between about 50 mg/ml and 
about 75 mg/ml or between about 25 mg/ml and about 50 
mg/ml. 

In a specific embodiment, a formulation of the controlled 
protein heterogeneity compositions of the invention com 
prises between about 90 mg/ml and about 110 mg/ml or 
between about 100 mg/ml and about 210 mg/ml of a protein 
of interest (e.g., an antibody). 
The formulations of the controlled protein heterogeneity 

compositions of the invention comprising a protein of interest 
(e.g., an antibody) may further comprise one or more active 
compounds as necessary for the particular indication being 
treated, typically those with complementary activities that do 
not adversely affect each other. Such additional active com 
pounds are Suitably present in combination in amounts that 
are effective for the purpose intended. 
The formulations of the controlled protein heterogeneity 

compositions of the invention may be prepared for storage by 
mixing the protein of interest (e.g., antibody) having the 
desired degree of purity with optional physiologically accept 
able carriers, excipients or stabilizers, including, but not lim 
ited to buffering agents, saccharides, salts, Surfactants, Solu 
bilizers, polyols, diluents, binders, stabilizers, salts, 
lipophilic solvents, amino acids, chelators, preservatives or 
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the like (Goodman and Gilman's The Pharmacological Basis 
of Therapeutics, 12" edition, L. Brunton, et al. and Reming 
ton's Pharmaceutical Sciences, 16th edition, Osol, A. Ed. 
(1999)), in the form of lyophilized formulations or aqueous 
Solutions at a desired final concentration. Acceptable carriers, 
excipients or stabilizers are nontoxic to recipients at the dos 
ages and concentrations employed and include buffers such 
as histidine, phosphate, citrate, glycine, acetate and other 
organic acids; antioxidants including ascorbic acid and 
methionine; preservatives (such as octadecyldimethylbenzyl 
ammonium chloride; hexamethonium chloride; benzalko 
nium chloride, benzethonium chloride; phenol, butyl or ben 
Zyl alcohol; alkyl parabens such as methyl or propyl paraben; 
catechol; resorcinol; cyclohexanol: 3-pentanol; and 
m-cresol); low molecular weight (less than about 10 residues) 
polypeptide; proteins. Such as serum albumin, gelatin or 
immunoglobulins; hydrophilic polymers such as polyvi 
nylpyrolidone; amino acids Such as glycine, glutamine, aspar 
agine, histidine, arginine or lysine; monosaccharides, disac 
charides and other carbohydrates including trehalose, 
glucose, mannose or dextrins; chelating agents such as 
EDTA; Sugars such as Sucrose, mannitol, trehalose or Sorbi 
tol; salt-forming counter-ions such as sodium; metal com 
plexes (e.g., Zn-protein complexes); and/or non-ionic Surfac 
tants such as TWEEN, polysorbate 80, PLURONICSTM or 
polyethylene glycol (PEG). 
The buffering agent may be histidine, citrate, phosphate, 

glycine oracetate. The saccharide excipient may be trehalose, 
Sucrose, mannitol, maltose or raffinose. The Surfactant may 
be polysorbate 20, polysorbate 40, polysorbate 80 or Pluronic 
F68. The salt may be NaCl, KC1, MgCl, or CaCl, 
The formulations of the controlled protein heterogeneity 

compositions of the invention may include a buffering or pH 
adjusting agent to provide improved pH control. A formula 
tion of the invention may have a pH of between about 3.0 and 
about 9.0, between about 4.0 and about 8.0, between about 5.0 
and about 8.0, between about 5.0 and about 7.0, between 
about 5.0 and about 6.5, between about 5.5 and about 8.0, 
between about 5.5 and about 7.0 or between about 5.5 and 
about 6.5. In a further embodiment, a formulation of the 
invention has a pH of about 3.0, about 3.5, about 4.0, about 
4.5, about 5.0, about 5.1, about 5.2, about 5.3, about 5.4, about 
5.5, about 5.6, about 5.7, about 5.8, about 5.9, about 6.0, about 
6.1, about 6.2, about 6.3, about 6.4, about 6.5, about 6.6, about 
6.7, about 6.8, about 6.9, about 7.0, about 7.5, about 8.0, about 
8.5 or about 9.0. In a specific embodiment, a formulation of 
the invention has a pH of about 6.0. One of skill in the art 
understands that the pH of a formulation generally should not 
be equal to the isoelectric point of the particular protein of 
interest (e.g., antibody) to be used in the formulation. 

Typically, the buffering agent is a salt prepared from an 
organic or inorganic acid or base. Representative buffering 
agents include, but are not limited to organic acid salts such as 
salts of citric acid, ascorbic acid, gluconic acid, carbonic acid, 
tartaric acid, Succinic acid, acetic acid or phthalic acid; Tris, 
tromethamine hydrochloride or phosphate buffers. In addi 
tion, amino acid components can also function in a buffering 
capacity. Representative amino acid components which may 
be utilized in the formulations of the invention as buffering 
agents include, but are not limited to, glycine and histidine. In 
certain embodiments, the buffering agent is chosen from his 
tidine, citrate, phosphate, glycine and acetate. In a specific 
embodiment, the buffering agent is histidine. In another spe 
cific embodiment, the buffering agent is citrate. In yet another 
specific embodiment, the buffering agent is glycine. The 
purity of the buffering agent should be at least 98% or at least 
99% or at least 99.5%. As used herein, the term “purity” in the 
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context of histidine and glycine refers to chemical purity of 
histidine or glycine as understood in the art, e.g., as described 
in The Merck Index, 13" ed., O'Neil et al. ed. (Merck & Co., 
2001). 

Buffering agents are typically used at concentrations 
between about 1 mMandabout 200 mM or any range or value 
therein, depending on the desired ionic strength and the buff 
ering capacity required. The usual concentrations of conven 
tional buffering agents employed in parenteral formulations 
can be found in: Pharmaceutical Dosage Form: Parenteral 
Medications, Volume 1, 2" Edition, Chapter 5, p. 194, De 
Luca and Boylan, “Formulation of Small Volume Parenter 
als’. Table 5: Commonly used additives in Parenteral Prod 
ucts. In one embodiment, the buffering agent is at a concen 
tration of about 1 mM or of about 5 mM or of about 10 mMor 
of about 15 mM or of about 20 mM or of about 25 mM or of 
about 30 mM or of about 35 mM or of about 40 mM or of 
about 45 mM or of about 50 mM or of about 60 mM or of 
about 70 mM or of about 80 mM or of about 90 mM or of 
about 100 mM. In one embodiment, the buffering agent is at 
a concentration of 1 mM or of 5 mM or of 10 mM or of 15 mM 
or of 20 mM or of 25 mM or of 30 mM or of 35 mM or of 40 
mM or of 45 mM or of 50 mM or of 60 mM or of 70 mM or 
of 80 mM or of 90 mM or of 100 mM. In a specific embodi 
ment, the buffering agent is at a concentration of between 
about 5 mM and about 50 mM. In another specific embodi 
ment, the buffering agent is at a concentration of between 5 
mM and 20 mM. 

In certain embodiments, the formulation of the controlled 
protein heterogeneity compositions of the invention com 
prises histidine as a buffering agent. In one embodiment the 
histidine is present in the formulation of the invention at a 
concentration of at least about 1 mM, at least about 5 mM, at 
least about 10 mM, at least about 20 mM, at least about 30 
mM, at least about 40 mM, at least about 50 mM, at least 
about 75 mM, at least about 100 mM, at least about 150 mM 
or at least about 200 mM histidine. In another embodiment, a 
formulation of the invention comprises between about 1 mM 
and about 200 mM, between about 1 mMandabout 150 mM, 
between about 1 mM and about 100 mM, between about 1 
mM and about 75 mM, between about 10 mM and about 200 
mM, between about 10 mM and about 150 mM, between 
about 10 mM and about 100 mM, between about 10 mM and 
about 75 mM, between about 10 mM and about 50 mM, 
between about 10 mM and about 40 mM, between about 10 
mM and about 30 mM, between about 20 mM and about 75 
mM, between about 20 mMandabout 50 mM, between about 
20 mMandabout 40 mM or between about 20 mMandabout 
30 mM histidine. In a further embodiment, the formulation 
comprises about 1 mM, about 5 mM, about 10 mM, about 20 
mM, about 25 mM, about 30 mM, about 35 mM, about 40 
mM, about 45 mM, about 50 mM, about 60 mM, about 70 
mM, about 80 mM, about 90 mM, about 100 mM, about 150 
mM or about 200 mM histidine. In a specific embodiment, a 
formulation may comprise about 10 mM, about 25 mM or no 
histidine. 

The formulations of the controlled protein heterogeneity 
compositions of the invention may comprise a carbohydrate 
excipient. Carbohydrate excipients can act, e.g., as Viscosity 
enhancing agents, stabilizers, bulking agents, solubilizing 
agents and/or the like. Carbohydrate excipients are generally 
present at between about 1% to about 99% by weight or 
volume, e.g., between about 0.1% to about 20%, between 
about 0.1% to about 15%, between about 0.1% to about 5%, 
between about 1% to about 20%, between about 5% to about 
15%, between about 8% to about 10%, between about 10% 
and about 15%, between about 15% and about 20%, between 
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0.1% to 20%, between 5% to 15%, between 8% to 10%, 
between 10% and 15%, between 15% and 20%, between 
about 0.1% to about 5%, between about 5% to about 10% or 
between about 15% to about 20%. In still other specific 
embodiments, the carbohydrate excipient is present at 1% or 
at 1.5% or at 2% or at 2.5% or at 3% or at 4% or at 5% or at 
10% or at 15% or at 20%. 

Carbohydrate excipients suitable for use in the formula 
tions of the invention include, but are not limited to, monosac 
charides such as fructose, maltose, galactose, glucose, 
D-mannose, Sorbose and the like; disaccharides, such as lac 
tose, Sucrose, trehalose, cellobiose and the like; polysaccha 
rides, such as raffinose, melezitose, maltodextrins, dextrans, 
starches and the like; and alditols, such as mannitol. Xylitol, 
maltitol, lactitol, xylitol sorbitol (glucitol) and the like. In one 
embodiment, the carbohydrate excipients for use in the 
present invention are chosen from, Sucrose, trehalose, lactose, 
mannitol and raffinose. In a specific embodiment, the carbo 
hydrate excipient is trehalose. In another specific embodi 
ment, the carbohydrate excipient is mannitol. In yet another 
specific embodiment, the carbohydrate excipient is Sucrose. 
In still another specific embodiment, the carbohydrate excipi 
ent is raffinose. The purity of the carbohydrate excipient 
should be at least 98% or at least 99% or at least 99.5%. 

In a specific embodiment, the formulations of the con 
trolled protein heterogeneity compositions of the invention 
may comprise trehalose. In one embodiment, a formulation of 
the invention comprises at least about 1%, at least about 2%, 
at least about 4%, at least about 8%, at least about 20%, at 
least about 30% or at least about 40% trehalose. In another 
embodiment, a formulation of the invention comprises 
between about 1% and about 40%, between about 1% and 
about 30%, between about 1% and about 20%, between about 
2% and about 40%, between about 2% and about 30%, 
between about 2% and about 20%, between about 4% and 
about 40%, between about 4% and about 30% or between 
about 4% and about 20% trehalose. In a further embodiment, 
a formulation of the invention comprises about 1%, about 2%, 
about 4%, about 6%, about 8%, about 15%, about 20%, about 
30% or about 40% trehalose. In a specific embodiment, a 
formulation of the invention comprises about 4%, about 6% 
or about 15% trehalose. 

In certain embodiments, a formulation of the controlled 
protein heterogeneity compositions of the invention com 
prises an excipient. In a specific embodiment, a formulation 
of the invention comprises at least one excipient chosen from: 
Sugar, salt, Surfactant, amino acid, polyol, chelating agent, 
emulsifier and preservative. In one embodiment, a formula 
tion of the invention comprises a salt, e.g., a salt selected 
from: NaCl, KC1, CaCl and MgCl2. In a specific embodi 
ment, the formulation comprises NaCl. 
A formulation of the controlled protein heterogeneity com 

positions of the invention may comprise at least about 10 mM, 
at least about 25 mM, at least about 50 mM, at least about 75 
mM, at least about 80 mM, at least about 100 mM, at least 
about 125 mM, at least about 150 mM, at least about 175 mM, 
at least about 200 mM or at least about 300 mM sodium 
chloride (NaCl). In a further embodiment, the formulation 
may comprise between about 10 mM and about 300 mM, 
between about 10 mM and about 200 mM, between about 10 
mMandabout 175 mM, between about 10 mMandabout 150 
mM, between about 25 mM and about 300 mM, between 
about 25 mM and about 200 mM, between about 25 mM and 
about 175 mM, between about 25 mM and about 150 mM, 
between about 50 mM and about 300 mM, between about 50 
mMandabout 200 mM, between about 50 mMandabout 175 
mM, between about 50 mM and about 150 mM, between 
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about 75 mM and about 300 mM, between about 75 mM and 
about 200 mM, between about 75 mM and about 175 mM, 
between about 75 mMandabout 150 mM, between about 100 
mM and about 300 mM, between about 100 mM and about 
200 mM, between about 100 mM and about 175 mM or 
between about 100 mM and about 150 mM sodium chloride. 
Inafurther embodiment, the formulation may comprise about 
10 mM, about 25 mM, about 50 mM, about 75 mM, about 80 
mM, about 100 mM, about 125 mM, about 150 mM, about 
175 mM, about 200 mM or about 300 mM sodium chloride. 
A formulation of the controlled protein heterogeneity com 

positions of the invention may also comprise an amino acid, 
e.g., lysine, arginine, glycine, histidine or an amino acid salt. 
The formulation may comprise at least about 1 mM, at least 
about 10 mM, at least about 25 mM, at least about 50 mM, at 
least about 100 mM, at least about 150 mM, at least about 200 
mM, at least about 250 mM, at least about 300 mM, at least 
about 350 mM or at least about 400 mM of an amino acid. In 
another embodiment, the formulation may comprise between 
about 1 mM and about 100 mM, between about 10 mM and 
about 150 mM, between about 25 mM and about 250 mM, 
between about 25 mM and about 300 mM, between about 25 
mMandabout 350 mM, between about 25 mMandabout 400 
mM, between about 50 mM and about 250 mM, between 
about 50 mM and about 300 mM, between about 50 mM and 
about 350 mM, between about 50 mM and about 400 mM, 
between about 100 mM and about 250 mM, between about 
100 mM and about 300 mM, between about 100 mM and 
about 400 mM, between about 150 mM and about 250 mM, 
between about 150 mM and about 300 mM or between about 
150 mM and about 400 mM of an amino acid. In a further 
embodiment, a formulation of the invention comprises about 
1 mM, 1.6 mM, 25 mM, about 50 mM, about 100 mM, about 
150 mM, about 200 mM, about 250 mM, about 300 mM, 
about 350 mM or about 400 mM of an amino acid. 
The formulations of the controlled protein heterogeneity 

compositions of the invention may further comprise a Surfac 
tant. The term “surfactant as used herein refers to organic 
Substances having amphipathic structures; namely, they are 
composed of groups of opposing solubility tendencies, typi 
cally an oil-soluble hydrocarbon chain and a water-soluble 
ionic group. Surfactants can be classified, depending on the 
charge of the Surface-active moiety, into anionic, cationic and 
nonionic Surfactants. Surfactants are often used as wetting, 
emulsifying, solubilizing and dispersing agents for various 
pharmaceutical compositions and preparations of biological 
materials. Pharmaceutically acceptable Surfactants like 
polysorbates (e.g., polysorbates 20 or 80); polyoxamers (e.g., 
poloxamer 188); Triton; Sodium octyl glycoside; lauryl-, 
myristyl-, linoleyl- or Stearyl-sulfobetaine; lauryl-, myristyl-, 
linoleyl- or Stearyl-sarcosine; linoleyl-, myristyl- or cetyl 
betaine; lauroamidopropyl-, cocamidopropyl-, linoleami 
dopropyl-, myristamidopropyl-, palmidopropyl- or isosteara 
midopropyl-betaine (e.g., lauroamidopropyl); 
myristamidopropyl-, palmidopropyl- or isostearamidopro 
pyl-dimethylamine; sodium methyl cocoyl- or disodium 
methyl oleyl-taurate; and the MONAQUATM series (Mona 
Industries, Inc., Paterson, N.J.), polyethylglycol, polypropyl 
glycol and copolymers of ethylene and propylene glycol (e.g., 
PLURONICSTM, PF68, etc.), can optionally be added to the 
formulations of the invention to reduce aggregation. In one 
embodiment, a formulation of the invention comprises 
Polysorbate 20, Polysorbate 40, Polysorbate 60 or Polysor 
bate 80. Surfactants are particularly useful if a pump or plastic 
container is used to administer the formulation. The presence 
of a pharmaceutically acceptable Surfactant mitigates the pro 
pensity for the protein to aggregate. The formulations may 
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comprise a polysorbate which is at a concentration ranging 
from between about 0.001% to about 1% or about 0.001% to 
about 0.1% or about 0.01% to about 0.1%. In other specific 
embodiments, the formulations of the invention comprise a 
polysorbate which is at a concentration of 0.001% or 0.002% 
or 0.003% or O.OO4% or 0.005% or O.OO6% or O.OO7% or 
O.OO8% or 0.009% or 0.01% or OO15% or 0.02%. 
The formulations of the controlled protein heterogeneity 

compositions of the invention may optionally further com 
prise other common excipients and/or additives including, but 
not limited to, diluents, binders, stabilizers, lipophilic sol 
vents, preservatives, adjuvants or the like. Pharmaceutically 
acceptable excipients and/or additives may be used in the 
formulations of the invention. Commonly used excipients/ 
additives, such as pharmaceutically acceptable chelators (for 
example, but not limited to, EDTA, DTPA or EGTA) can 
optionally be added to the formulations of the invention to 
reduce aggregation. These additives are particularly useful if 
a pump or plastic container is used to administer the formu 
lation. 

Preservatives, such as phenol, m-cresol, p-cresol, o-cresol, 
chlorocresol, benzyl alcohol, phenylmercuric nitrite, phe 
noxyethanol, formaldehyde, chlorobutanol, magnesium 
chloride (for example, but not limited to, hexahydrate), alky 
lparaben (methyl, ethyl, propyl, butyl and the like), benzalko 
nium chloride, benzethonium chloride, sodium dehydroac 
etate and thimerosal or mixtures thereof can optionally be 
added to the formulations of the invention at any suitable 
concentration such as between about 0.001% to about 5% or 
any range or value therein. The concentration of preservative 
used in the formulations of the invention is a concentration 
sufficient to yield a microbial effect. Such concentrations are 
dependent on the preservative selected and are readily deter 
mined by the skilled artisan. 

Other contemplated excipients/additives, which may be 
utilized in the formulations of the invention include, for 
example, flavoring agents, antimicrobial agents, Sweeteners, 
antioxidants, antistatic agents, lipids such as phospholipids or 
fatty acids, Steroids such as cholesterol, protein excipients 
Such as serum albumin (human serum albumin (HSA), 
recombinant human albumin (rHA), gelatin, casein, salt 
forming counterions such as Sodium and the like. These and 
additional known pharmaceutical excipients and/or additives 
suitable for use in the formulations of the invention are known 
in the art, e.g., as listed in “Remington: The Science & Prac 
tice of Pharmacy”. 21 ed., Lippincott Williams & Wilkins, 
(2005) and in the “Physician's Desk Reference', 60' ed., 
Medical Economics, Montvale, N.J. (2005). Pharmaceuti 
cally acceptable carriers can be routinely selected that are 
suitable for the mode of administration, solubility and/or 
stability of protein of interest (e.g., an antibody), as well 
known those in the art or as described herein. 

In one embodiment, the controlled protein heterogeneity 
compositions of the invention are formulated with the same or 
similar excipients and buffers as are present in the commer 
cial adalimumab (HUMIRAR) formulation, as described in 
the “Highlights of Prescribing Information” for HUMIRAR) 
(adalimumab) Injection (Revised January 2008) the contents 
of which are hereby incorporated herein by reference. For 
example, each prefilled syringe of HUMIRAR), which is 
administered subcutaneously, delivers 0.8 mL (40 mg) of 
drug product to the subject. Each 0.8 mL of HUMIRAR) 
contains 40 mgadalimumab, 4.93 mg sodium chloride, 0.69 
mg monobasic sodium phosphate dihydrate, 1.22 mg dibasic 
Sodium phosphate dihydrate, 0.24 mg. sodium citrate, 1.04 mg 
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citric acid monohydrate, 9.6 mgmannitol, 0.8 mg polysorbate 
80 and water for Injection, USP. Sodium hydroxide is added 
as necessary to adjust pH. 

It will be understood by one skilled in the art that the 
formulations of the controlled protein heterogeneity compo 
sitions of the invention may be isotonic with human blood, 
wherein the formulations of the invention have essentially the 
same osmotic pressure as human blood. Such isotonic formu 
lations will generally have an osmotic pressure from about 
250 mOSm to about 350 mOSm. Isotonicity can be measured 
by, for example, using a vapor pressure or ice-freezing type 
osmometer. Tonicity of a formulation is adjusted by the use of 
tonicity modifiers. “Tonicity modifiers' are those pharma 
ceutically acceptable inert substances that can be added to the 
formulation to provide an isotonicity of the formulation. 
Tonicity modifiers suitable for this invention include, but are 
not limited to, saccharides, salts and amino acids. 

In certain embodiments, the formulations of the controlled 
protein heterogeneity compositions of the invention have an 
osmotic pressure from about 100 mOSm to about 1200 
mOSm or from about 200 mOSm to about 1000 mOSm or 
from about 200 mOSm to about 800 mOSm or from about 200 
mOSm to about 600 mOSm or from about 250 mOSm to 
about 500 mOSm or from about 250 mOSm to about 400 
mOSm or from about 250 mOSm to about 350 mOSm. 
The concentration of any one component or any combina 

tion of various components, of the formulations of the con 
trolled protein heterogeneity compositions of the invention is 
adjusted to achieve the desired tonicity of the final formula 
tion. For example, the ratio of the carbohydrate excipient to 
protein of interest (e.g., antibody) may be adjusted according 
to methods known in the art (e.g., U.S. Pat. No. 6,685,940). In 
certain embodiments, the molar ratio of the carbohydrate 
excipient to protein of interest (e.g., antibody) may be from 
about 100 moles to about 1000 moles of carbohydrate excipi 
ent to about 1 mole of protein of interest or from about 200 
moles to about 6000 moles of carbohydrate excipient to about 
1 mole of protein of interest or from about 100 moles to about 
510 moles of carbohydrate excipient to about 1 mole of pro 
tein of interest or from about 100 moles to about 600 moles of 
carbohydrate excipient to about 1 mole of protein of interest. 
The desired isotonicity of the final formulation may also be 

achieved by adjusting the salt concentration of the formula 
tions. Pharmaceutically acceptable salts and those suitable 
for this invention as tonicity modifiers include, but are not 
limited to, Sodium chloride, sodium Succinate, Sodium Sul 
fate, potassium chloride, magnesium chloride, magnesium 
Sulfate and calcium chloride. In specific embodiments, for 
mulations of the invention comprise NaCl, MgCl, and/or 
CaCl. In one embodiment, concentration of NaCl is between 
about 75 mM and about 150 mM. In another embodiment, 
concentration of MgCl2 is between about 1 mM and about 
100 mM. Pharmaceutically acceptable amino acids including 
those suitable for this invention as tonicity modifiers include, 
but are not limited to, proline, alanine, L-arginine, aspar 
agine, L-aspartic acid, glycine, serine, lysine and histidine. 

In one embodiment the formulations of the controlled pro 
tein heterogeneity compositions of the invention are pyrogen 
free formulations which are substantially free of endotoxins 
and/or related pyrogenic Substances. Endotoxins include tox 
ins that are confined inside a microorganism and are released 
only when the microorganisms are broken down or die. Pyro 
genic Substances also include fever-inducing, thermostable 
Substances (glycoproteins) from the outer membrane of bac 
teria and other microorganisms. Both of these Substances can 
cause fever, hypotension and shock if administered to 
humans. Due to the potential harmful effects, even low 
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amounts of endotoxins must be removed from intravenously 
administered pharmaceutical drug Solutions. The Food & 
Drug Administration (“FDA) has set an upper limit of 5 
endotoxin units (EU) per dose per kilogram body weight in a 
single one hour period for intravenous drug applications (The 
United States Pharmacopeial Convention, Pharmacopeial 
Forum 26 (1):223 (2000)). When therapeutic proteins are 
administered in amounts of several hundred or thousand mil 
ligrams per kilogram body weight, as can be the case with 
proteins of interest (e.g., antibodies), even trace amounts of 
harmful and dangerous endotoxin must be removed. In cer 
tain specific embodiments, the endotoxin and pyrogen levels 
in the composition are less then 10 EU/mg or less then 5 
EU/mg or less then 1 EU/mg or less then 0.1 EU/mg or less 
then 0.01 EU/mg or less then 0.001 EU/mg. 
When used for in vivo administration, the formulations of 

the controlled protein heterogeneity compositions of the 
invention should be sterile. The formulations of the invention 
may be sterilized by various sterilization methods, including 
sterile filtration, radiation, etc. In one embodiment, the pro 
tein of interest (e.g., antibody) formulation is filter-sterilized 
with a presterilized 0.22-micron filter. Sterile compositions 
for injection can be formulated according to conventional 
pharmaceutical practice as described in "Remington: The 
Science & Practice of Pharmacy”, 21 ed., Lippincott Will 
iams & Wilkins, (2005). Formulations comprising proteins of 
interest (e.g., antibodies). Such as those disclosed herein ordi 
narily will be stored in lyophilized form or in solution. It is 
contemplated that sterile compositions comprising proteins 
of interest (e.g., antibodies) are placed into a container having 
a sterile access port, for example, an intravenous Solution bag 
or vial having an adapter that allows retrieval of the formula 
tion, such as a stopper pierceable by a hypodermic injection 
needle. In one embodiment, a composition of the invention is 
provided as a pre-filled Syringe. 

In one embodiment, a formulation of the controlled protein 
heterogeneity compositions of the invention is a lyophilized 
formulation. The term “lyophilized” or “freeze-dried” 
includes a state of a Substance that has been subjected to a 
drying procedure such as lyophilization, where at least 50% 
of moisture has been removed. 
The phrase “bulking agent' includes a compound that is 

pharmaceutically acceptable and that adds bulk to alyo cake. 
Bulking agents known to the art include, for example, carbo 
hydrates, including simple Sugars such as dextrose, ribose, 
fructose and the like, alcohol Sugars such as mannitol, inositol 
and Sorbitol, disaccharides including trehalose. Sucrose and 
lactose, naturally occurring polymers such as starch, dex 
trans, chitosan, hyaluronate, proteins (e.g., gelatin and serum 
albumin), glycogen and synthetic monomers and polymers. 
A “lyoprotectant is a molecule which, when combined 

with a protein of interest (such as an antibody of the inven 
tion), significantly prevents or reduces chemical and/or 
physical instability of the protein upon lyophilization and 
Subsequent storage. Lyoprotectants include, but are not lim 
ited to, Sugars and their corresponding Sugar alcohols; an 
amino acid Such as monosodium glutamate or histidine; a 
methylamine Such as betaine; alyotropic salt Such as magne 
sium Sulfate; a polyol Such as trihydric or higher molecular 
weight Sugar alcohols, e.g., glycerin, dextran, erythritol, glyc 
erol, arabitol. Xylitol, Sorbitol and mannitol; propylene gly 
col; polyethylene glycol; PLURONICSTM; and combinations 
thereof. Additional examples of lyoprotectants include, but 
are not limited to, glycerin and gelatin and the Sugars melli 
biose, melezitose, raffinose, mannotriose and stachyose. 
Examples of reducing Sugars include, but are not limited to, 
glucose, maltose, lactose, maltulose, iso-maltulose and lactu 
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lose. Examples of non-reducing Sugars include, but are not 
limited to, non-reducing glycosides of polyhydroxy com 
pounds selected from Sugar alcohols and other straight chain 
polyalcohols. Examples of sugar alcohols include, but are not 
limited to, monoglycosides, compounds obtained by reduc 
tion of disaccharides such as lactose, maltose, lactulose and 
maltulose. The glycosidic side group can be either glucosidic 
or galactosidic. Additional examples of Sugar alcohols 
include, but are not limited to, glucitol, maltitol, lactitol and 
iso-maltulose. In specific embodiments, trehalose or Sucrose 
is used as a lyoprotectant. 
The lyoprotectant is added to the pre-lyophilized formula 

tion in a "lyoprotecting amount” which means that, following 
lyophilization of the protein in the presence of the lyoprotect 
ing amount of the lyoprotectant, the proteinessentially retains 
its physical and chemical stability and integrity upon lyo 
philization and storage. 

In one embodiment, the molar ratio of a lyoprotectant (e.g., 
trehalose) and protein of interest (e.g., antibody) molecules of 
a formulation of the invention is at least about 10, at least 
about 50, at least about 100, at least about 200 or at least about 
300. In another embodiment, the molar ratio of a lyopro 
tectant (e.g., trehalose) and protein of interest molecules of a 
formulation of the invention is about 1, is about 2, is about 5, 
is about 10, about 50, about 100, about 200 or about 300. 
A “reconstituted formulation is one which has been pre 

pared by dissolving a lyophilized protein of interest (e.g., 
antibody) formulation in a diluent such that the protein of 
interest is dispersed in the reconstituted formulation. The 
reconstituted formulation is Suitable for administration (e.g., 
parenteral administration) to a patient to be treated with the 
protein of interest and, in certain embodiments of the inven 
tion, may be one which is suitable for intravenous adminis 
tration. 

The “diluent of interest herein is one which is pharmaceu 
tically acceptable (safe and non-toxic for administration to a 
human) and is useful for the preparation of a liquid formula 
tion, such as a formulation reconstituted after lyophilization. 
In some embodiments, diluents include, but are not limited to, 
sterile water, bacteriostatic water for injection (BWFI), a pH 
buffered solution (e.g., phosphate-buffered saline), sterile 
saline solution, Ringer's solution or dextrose solution. In an 
alternative embodiment, diluents can include aqueous solu 
tions of salts and/or buffers. 

In certain embodiments, a formulation of the controlled 
protein heterogeneity compositions of the invention is a lyo 
philized formulation comprising a protein of interest (e.g., 
antibody) of the invention, wherein at least about 90%, at least 
about 95%, at least about 97%, at least about 98% or at least 
about 99% of said protein of interest may be recovered from 
a vial upon shaking said vial for 4 hours at a speed of 400 
shakes per minute wherein the vial is filled to half of its 
Volume with the formulation. In another embodiment, a for 
mulation of the invention is a lyophilized formulation com 
prising a protein of interest of the invention, wherein at least 
about 90%, at least about 95%, at least about 97%, at least 
about 98% or at least about 99% of the protein of interest may 
be recovered from a vial upon subjecting the formulation to 
three freeze/thaw cycles wherein the vial is filled to half of its 
Volume with said formulation. In a further embodiment, a 
formulation of the invention is a lyophilized formulation 
comprising a protein of interest of the invention, wherein at 
least about 90%, at least about 95%, at least about 97%, at 
least about 98% or at least about 99% of the protein of interest 
may be recovered by reconstituting a lyophilized cake gen 
erated from said formulation. 
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In one embodiment, a reconstituted liquid formulation may 

comprise a protein of interest (e.g., antibody) at the same 
concentration as the pre-lyophilized liquid formulation. 

In another embodiment, a reconstituted liquid formulation 
may comprise a protein of interest (e.g., antibody) at a higher 
concentration than the pre-lyophilized liquid formulation, 
e.g., about 2 fold, about 3 fold, about 4 fold, about 5 fold, 
about 6 fold, about 7 fold, about 8 fold, about 9 fold or about 
10 fold higher concentration of a protein of interest than the 
pre-lyophilized liquid formulation. 

In yet another embodiment, a reconstituted liquid formu 
lation may comprise a protein of interest (e.g., antibody) of 
the invention at a lower concentration than the pre-lyo 
philized liquid formulation, e.g., about 2 fold, about 3 fold, 
about 4 fold, about 5 fold, about 6 fold, about 7 fold, about 8 
fold, about 9 fold or about 10 fold lower concentration of a 
protein of interest than the pre-lyophilized liquid formula 
tion. 
The pharmaceutical formulations of the controlled protein 

heterogeneity compositions of the invention are typically 
stable formulations, e.g., stable at room temperature. 
The terms “stability” and “stable' as used herein in the 

context of a formulation comprising a protein of interest (e.g., 
an antibody) of the invention refer to the resistance of the 
protein of interest in the formulation to aggregation, degra 
dation or fragmentation under given manufacture, prepara 
tion, transportation and storage conditions. The 'stable' for 
mulations of the invention retain biological activity under 
given manufacture, preparation, transportation and storage 
conditions. The stability of the protein of interest can be 
assessed by degrees of aggregation, degradation or fragmen 
tation, as measured by HPSEC, static light scattering (SLS), 
Fourier Transform Infrared Spectroscopy (FTIR), circular 
dichroism (CD), urea unfolding techniques, intrinsic tryp 
tophan fluorescence, differential scanning calorimetry and/or 
ANS binding techniques, compared to a reference formula 
tion. For example, a reference formulation may be a reference 
standard frozen at -70° C. consisting of 10 mg/ml of a protein 
of interest of the invention in PBS. 

Therapeutic formulations of the controlled protein hetero 
geneity compositions of the invention may be formulated for 
a particular dosage. Dosage regimens may be adjusted to 
provide the optimum desired response (e.g., a therapeutic 
response). For example, a single bolus may be administered, 
several divided doses may be administered over time or the 
dose may be proportionally reduced or increased as indicated 
by the exigencies of the therapeutic situation. It is especially 
advantageous to formulate parenteral compositions in dosage 
unit form for ease of administration and uniformity of dosage. 
Dosage unit form as used herein refers to physically discrete 
units Suited as unitary dosages for the Subjects to be treated; 
each unit contains a predetermined quantity of active com 
pound calculated to produce the desired therapeutic effect in 
association with the required pharmaceutical carrier. The 
specification for the dosage unit forms of the invention are 
dictated by and directly dependent on (a) the unique charac 
teristics of the protein of interest (e.g., antibody) and the 
particular therapeutic effect to be achieved and (b) the limi 
tations inherent in the art of compounding Such a protein of 
interest for the treatment of sensitivity in individuals. 

Therapeutic compositions of the controlled protein hetero 
geneity compositions of the invention can be formulated for 
particular routes of administration, Such as oral, nasal, pull 
monary, topical (including buccal and Sublingual), rectal, 
vaginal and/or parenteral administration. The formulations 
may conveniently be presented in unit dosage form and may 
be prepared by any methods known in the art of pharmacy. 
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The amount of active ingredient which can be combined with 
a carrier material to produce a single dosage form will vary 
depending upon the Subject being treated and the particular 
mode of administration. The amount of active ingredient 
which can be combined with a carrier material to produce a 
single dosage form will generally be that amount of the com 
position which produces a therapeutic effect. By way of 
example, in certain embodiments, the proteins of interest 
(including fragments of the protein of interest) are formulated 
for intravenous administration. In certain other embodiments, 
the proteins of interest (e.g., antibodies), including fragments 
of the proteins of interest (e.g., antibody fragments) are for 
mulated for local delivery to the cardiovascular system, for 
example, via catheter, stent, wire, intramyocardial delivery, 
intrapericardial delivery or intraendocardial delivery. 

Formulations of the controlled protein heterogeneity com 
positions of the invention which are suitable for topical or 
transdermal administration include powders, sprays, oint 
ments, pastes, creams, lotions, gels, Solutions, patches and 
inhalants. The active compound may be mixed under sterile 
conditions with a pharmaceutically acceptable carrier and 
with any preservatives, buffers or propellants which may be 
required (U.S. Pat. Nos. 7,378,110; 7,258,873; 7,135, 180; 
7,923,029; and US Publication No. 20040042972). 
The phrases “parenteral administration' and “adminis 

tered parenterally as used herein means modes of adminis 
tration other than enteral and topical administration, usually 
by injection and includes, without limitation, intravenous, 
intramuscular, intraarterial, intrathecal, intracapsular, 
intraorbital, intracardiac, intradermal, intraperitoneal, tran 
stracheal, Subcutaneous, Subcuticular, intraarticular, Subcap 
sular, Subarachnoid, intraspinal, epidural and intrasternal 
injection and infusion. 

Actual dosage levels of the active ingredients in the phar 
maceutical compositions of the controlled protein heteroge 
neity compositions of the invention may be varied so as to 
obtain an amount of the active ingredient which is effective to 
achieve the desired therapeutic response for a particular 
patient, composition and mode of administration, without 
being toxic to the patient. The selected dosage level will 
depend upon a variety of pharmacokinetic factors including 
the activity of the particular compositions of the present 
invention employed or the ester, salt or amide thereof, the 
route of administration, the time of administration, the rate of 
excretion of the particular compound being employed, the 
duration of the treatment, other drugs, compounds and/or 
materials used in combination with the particular composi 
tions employed, the age, sex, weight, condition, general 
health and prior medical history of the patient being treated 
and like factors well known in the medical arts. 

In certain embodiments, the proteins of interest (e.g., anti 
bodies) of the invention can be formulated to ensure proper 
distribution in vivo. For example, the blood-brain barrier 
(BBB) excludes many highly hydrophilic compounds. To 
ensure that the therapeutic compounds of the invention can 
cross the BBB (if desired), they can be formulated, for 
example, in liposomes. For methods of manufacturing lipo 
somes, see, e.g., U.S. Pat. Nos. 4,522,811: 5,374,548; 5,399, 
331. The liposomes may comprise one or more moieties 
which are selectively transported into specific cells or organs, 
thus enhance targeted drug delivery (see, e.g., V. V. Ranade 
(1989) J. Clin. Pharmacol. 29.685). Exemplary targeting 
moieties include folate or biotin (see, e.g., U.S. Pat. No. 
5,416,016); mannosides (Umezawa et al., (1988) Biochem. 
Biophys. Res. Commun. 153:1038); antibodies (P. G. Bloe 
man et al. (1995) FEBS Lett. 357:140; M. Owais et al. (1995) 
Antimicrob. Agents Chemother: 39:180); surfactant Protein A 
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receptor (Briscoe et al. (1995) Am. J. Physiol. 1233:134), 
different species of which may comprise the formulations of 
the invention, as well as components of the invented mol 
ecules: p120 (Schreier et al. (1994).J. Biol. Chem. 269:9090); 
see also K. Keinanen; M. L. Laukkanen (1994) FEBS Lett. 
346:123; J. J. Killion; I. J. Fidler (1994) Immunomethods 
4:273. In one embodiment of the invention, the therapeutic 
compounds of the invention are formulated in liposomes; in 
another embodiment, the liposomes include a targeting moi 
ety. In another embodiment, the therapeutic compounds in the 
liposomes are delivered by bolus injection to a site proximal 
to the desired area. When administered in this manner, the 
composition must be fluid to the extent that easy Syringability 
exists. It must be stable under the conditions of manufacture 
and storage and may be preserved against the contaminating 
action of microorganisms such as bacteria and fungi. Addi 
tionally or alternatively, the proteins of interest (e.g., antibod 
ies) of the invention may be delivered locally to the brain to 
mitigate the risk that the blood brain barrier slows effective 
delivery. 

In certain embodiments, the controlled protein heteroge 
neity compositions of the invention may be administered with 
medical devices known in the art. For example, in certain 
embodiments a protein of interest (e.g., antibody) or a frag 
ment of protein of interest (e.g., antibody fragment) is admin 
istered locally via a catheter, stent, wire or the like. For 
example, in one embodiment, a therapeutic composition of 
the invention can be administered with a needleless hypoder 
mic injection device, such as the devices disclosed in U.S. Pat. 
Nos. 5,399,163; 5,383,851; 5,312,335; 5,064,413:4,941,880; 
4,790.824; 4,596,556. Examples of well-known implants and 
modules useful in the present invention include: U.S. Pat. No. 
4.487,603, which discloses an implantable micro-infusion 
pump for dispensing medicationata controlled rate; U.S. Pat. 
No. 4,486, 194, which discloses a therapeutic device for 
administering medicaments through the skin; U.S. Pat. No. 
4,447.233, which discloses a medication infusion pump for 
delivering medication at a precise infusion rate; U.S. Pat. No. 
4,447.224, which discloses a variable flow implantable infu 
sion apparatus for continuous drug delivery; U.S. Pat. No. 
4,439,196, which discloses an osmotic drug delivery system 
having multi-chamber compartments; and U.S. Pat. No. 
4.475,196, which discloses an osmotic drug delivery system. 
Many other such implants, delivery systems and modules are 
known to those skilled in the art. 
The efficient dosages and the dosage regimens for the 

reduced level of at least one controlled protein heterogeneity 
composition of the invention depend on the disease or condi 
tion to be treated and can be determined by the persons skilled 
in the art. One of ordinary skill in the art would be able to 
determine Such amounts based on Such factors as the Subjects 
size, the severity of the Subject's symptoms and the particular 
composition or route of administration selected. 
Alternative Formulations Containing the Controlled Protein 
Heterogeneity Compositions of the Invention 
Alternative Aqueous Formulations 
The invention also provides a controlled protein heteroge 

neity composition formulated as an aqueous formulation 
comprising a protein of interest and water, as described in 
U.S. Pat. No. 8,420,081, the contents of which are hereby 
incorporated by reference. In these aqueous formulations, the 
protein of interest is stable without the need for additional 
agents. This aqueous formulation has a number of advantages 
over conventional formulations in the art, including stability 
of the protein of interest in water without the requirement for 
additional excipients, increased concentrations of protein of 
interest without the need for additional excipients to maintain 
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solubility of the protein of interest and low osmolality. These 
also have advantageous storage properties, as the proteins of 
interest in the formulation remain stable during Storage, e.g., 
stored as a liquid form for more than 3 months at 7° C. or 
freeze? thaw conditions, even at high protein of interest con 
centrations and repeated freeze? thaw processing steps. In one 
embodiment, formulations described herein include high 
concentrations of proteins of interest Such that the aqueous 
formulation does not show significant opalescence, aggrega 
tion or precipitation. 

In one embodiment, an aqueous controlled protein hetero 
geneity composition comprising a protein of interest, e.g., an 
antibody, an anti-TNFC. antibody or antigen biding portion 
thereof and water is provided, wherein the formulation has 
certain characteristics, such as, but not limited to, low con 
ductivity, e.g., a conductivity of less than about 2.5 mS/cm, a 
protein of interest concentration of at least about 10 ug/mL, 
an osmolality of no more than about 30 mOsmol/kg and/or the 
protein of interest has a molecular weight (Mw) greater than 
about 47 kDa. In one embodiment, the formulation has 
improved stability, such as, but not limited to, stability in a 
liquid form for an extended time (e.g., at least about 3 months 
or at least about 12 months) or stability through at least one 
freeze/thaw cycle (if not more freeze/thaw cycles). In one 
embodiment, the formulation is stable for at least about 3 
months in a form selected from the group consisting of fro 
Zen, lyophilized or spray-dried. 

In one embodiment, the formulation has a low conductiv 
ity, including, for example, a conductivity of less than about 
2.5 mS/cm, a conductivity of less than about 2 mS/cm, a 
conductivity of less than about 1.5 mS/cm, a conductivity of 
less than about 1 mS/cm or a conductivity of less than about 
0.5 mS/cm. 

In another embodiment, controlled protein heterogeneity 
compositions included in the formulation have a given con 
centration, including, for example, a concentration of at least 
about 1 mg/mL, at least about 10 mg/mL, at least about 50 
mg/mL, at least about 100 mg/mL, at least about 150 mg/mL, 
at least about 200 mg/mL or greater than about 200 mg/mL. In 
another embodiment, the formulation of the invention has an 
osmolality of no more than about 15 mCosmol/kg. 
The aqueous formulations described herein do not rely on 

standard excipients, e.g., a tonicity modifier, a stabilizing 
agent, a surfactant, an anti-oxidant, a cryoprotectant, a bulk 
ing agent, a lyoprotectant, a basic component and an acidic 
component. In other embodiments of the invention, the for 
mulation contains water, one or more proteins of interest and 
no ionic excipients (e.g., salts, free amino acids). 

In certain embodiments, the aqueous formulation as 
described herein comprise a controlled protein heterogeneity 
composition comprising a protein of interest concentration of 
at least 50 mg/mL and water, wherein the formulation has an 
osmolality of no more than 30 mOsmol/kg. Lower limits of 
osmolality of the aqueous formulation are also encompassed 
by the invention. In one embodiment the osmolality of the 
aqueous formulation is no more than 15 mOsmol/kg. The 
aqueous formulation of the invention may have an osmolality 
of less than 30 mOsmol/kg and also have a high protein of 
interest concentration, e.g., the concentration of the protein of 
interest is at least 100 mg/mL and may be as much as 200 
mg/mL or greater. Ranges intermediate to the above recited 
concentrations and osmolality units are also intended to be 
part of this invention. In addition, ranges of values using a 
combination of any of the above recited values as upper 
and/or lower limits are intended to be included. 
The concentration of the aqueous formulation as described 

herein is not limited by the protein of interest size and the 
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formulation may include any size range of proteins. Included 
within the scope of the invention is an aqueous formulation 
comprising at least 40 mg/mL and as much as 200 mg/mL or 
more of a protein of interest, for example, 40 mg/mL, 65 
mg/mL, 130 mg/mL or 195 mg/ml, which may range in size 
from 5 kDa to 150 kDa or more. In one embodiment, the 
protein of interest in the formulation of the invention is at least 
about 15 kD in size, at least about 20kD in size; at least about 
47 kD in size; at least about 60 kD in size; at least about 80kD 
in size; at least about 100 kD in size; at least about 120 kD in 
size; at least about 140 kD in size; at least about 160 kD in 
size; or greater than about 160 kD in size. Ranges intermedi 
ate to the above recited sizes are also intended to be part of this 
invention. In addition, ranges of values using a combination 
of any of the above recited values as upper and/or lower limits 
are intended to be included. 
The aqueous formulation as described herein may be char 

acterized by the hydrodynamic diameter (D) of the proteins 
of interest in solution. The hydrodynamic diameter of the 
protein of interest in Solution may be measured using 
dynamic light scattering (DLS), which is an established ana 
lytical method for determining the D of proteins. Typical 
values for monoclonal antibodies, e.g., IgG, are about 10 nm. 
Low-ionic formulations may be characterized in that the D, of 
the proteins of interest are notably lower than protein of 
interest formulations comprising ionic excipients. It has been 
discovered that the D, values of antibodies in aqueous formu 
lations made using the diafiltration/ultrafiltration (DF/UF) 
process, as described in U.S. Pat. No. 8,420,081, using pure 
water as an exchange medium, are notably lower than the D, 
of antibodies in conventional formulations independent of 
protein concentration. In one embodiment, antibodies in the 
aqueous formulation as described herein have a D, of less 
than 4 nm or less than 3 nm. 

In one embodiment, the D, of the protein of interest in the 
aqueous formulation is Smaller relative to the D, of the same 
protein of interest in a buffered solution, irrespective of pro 
tein of interest concentration. Thus, in certain embodiments, 
a protein of interest in an aqueous formulation made in accor 
dance with the methods described herein, will have a D, 
which is at least 25% less than the D, of the protein of interest 
in a buffered solution at the same given concentration. 
Examples of buffered solutions include, but are not limited to 
phosphate buffered saline (PBS). In certain embodiments, 
proteins of interest in the aqueous formulation of the inven 
tion have a D, that is at least 50% less than the D, of the 
protein of interest in PBS in at the given concentration; at least 
60% less than the D, of the protein of interest in PBS at the 
given concentration; at least 70% less than the D of the 
protein of interest in PBS at the given concentration; or more 
than 70% less than the D, of the protein of interest in PBS at 
the given concentration. Ranges intermediate to the above 
recited percentages are also intended to be part of this inven 
tion, e.g., about 55%, 56%, 57%, 64%, 68% and so forth. In 
addition, ranges of values using a combination of any of the 
above recited values as upper and/or lower limits are intended 
to be included, e.g., about 50% to about 80%. 

In one aspect, the aqueous formulation includes the protein 
of interest at a dosage of about 0.01 mg/kg-10 mg/kg. In 
another aspect, the dosages of the protein of interest include 
approximately 1 mg/kg administered every other week or 
approximately 0.3 mg/kg administered weekly. A skilled 
practitioner can ascertain the proper dosage and regime for 
administering to a Subject. 
Alternative Solid Unit Formulations 
The invention also provides a controlled protein heteroge 

neity composition of the invention formulated as a stable 



US 9,290,568 B2 
43 

composition of a protein of interest, e.g., an antibody or 
antigen binding portion thereof and a stabilizer, referred to 
herein as solid units, as described in Attorney Docket No. 
117813-31001, the contents of which are hereby incorporated 
by reference herein. 

Specifically, it has been discovered that despite having a 
high proportion of Sugar, the Solid units comprising the con 
trolled protein heterogeneity compositions of the invention 
maintain structural rigidity and resist changes in shape and/or 
Volume when stored under ambient conditions, e.g., room 
temperature and humidity, for extended periods of time (e.g., 
the solid units comprising the controlled protein heterogene 
ity compositions of the invention do not require storage in a 
sealed container) and maintain long-term physical and 
chemical stability of the protein of interest without significant 
degradation and/or aggregate formation. Moreover, despite 
having a high proportion of Sugar, the solid units comprising 
the controlled protein heterogeneity compositions of the 
invention remain free-flowing when stored under ambient 
conditions, e.g., room temperature and humidity, for 
extended periods of time and yet are easily dissolved in an 
aqueous solvent, e.g., water (e.g., the solid units require mini 
mal mixing when contacted with a solvent for reconstitution). 
Furthermore, the Solid units comprising the controlled pro 
tein heterogeneity compositions of the invention may be pre 
pared directly in a device for patient use. These properties, 
when compared to existing techniques which require a vial 
containing a lyophilized protein of interest provided as a cake 
(which may not stabilize a protein of interest for extended 
periods of time), a separate vial for a diluent, one or more 
sterile Syringes and several manipulation steps, thus provides 
alternative approaches for reconstitution since the solid units 
comprising the controlled protein heterogeneity composi 
tions of the invention may be provided, e.g., in a dual cham 
bered cartridge, to make reconstitution invisible during 
patient delivery. Furthermore, the Solid units comprising the 
controlled protein heterogeneity compositions of the inven 
tion are versatile in that they can be readily and easily adapted 
for numerous modes of administration, such as parenteral and 
oral administration. 
As used herein, the term "solid unit.” refers to a composi 

tion which is Suitable for pharmaceutical administration and 
comprises a protein of interest, e.g., an antibody or peptide 
and a stabilizer, e.g., a Sugar. The Solid unit comprising the 
controlled protein heterogeneity compositions of the inven 
tion has a structural rigidity and resistance to changes in shape 
and/or Volume. In one embodiment, the Solid unit comprising 
the controlled protein heterogeneity compositions of the 
invention is obtained by freeze-drying a pharmaceutical for 
mulation of a therapeutic protein of interest. The solid unit 
comprising the controlled protein heterogeneity composi 
tions of the invention may be any shape, e.g., geometric 
shape, including, but not limited to, a sphere, a cube, a pyra 
mid, a hemisphere, a cylinder, a teardrop and so forth, includ 
ing irregularly shaped units. In one embodiment, the Solid 
unit has a Volume ranging from about 1 ml to about 20 ml. In 
another embodiment, the Solid unit is not obtained using 
spray drying techniques, e.g., the Solid unit is not a powder or 
granule. 
As used herein, the phrase “a plurality of solid units” refers 

to a collection or population of Solid units comprising the 
controlled protein heterogeneity compositions of the inven 
tion, wherein the collection comprises two or more Solid units 
having a Substantially uniform shape, e.g., sphere and/or Vol 
ume distribution. A substantially uniform size distribution is 
intended to mean that the individual shapes and/or volumes of 
the solid units comprising the controlled protein heterogene 
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ity compositions of the invention are substantially similar and 
not greater than a 10% standard deviation in volume. For 
example, a plurality of Solid units which are spherical in 
shape would include a collection of Solid units having no 
greater than 10% standard deviation from an average Volume 
of the spheres. In one embodiment, the plurality of solid units 
is free-flowing. 
Kits and Articles of Manufacture Comprising the Controlled 
Protein Heterogeneity Compositions of the Invention 

Also within the scope of the present invention are kits 
comprising the controlled protein heterogeneity composi 
tions of the invention and instructions for use. The term "kit 
as used herein refers to a packaged product comprising com 
ponents with which to administer the protein of interest (e.g., 
antibody or antigen-binding portion thereof), of the invention 
for treatment of a disease or disorder. The kit may comprise a 
box or container that holds the components of the kit. The box 
or container is affixed with a label or a Food and Drug Admin 
istration approved protocol. The box or container holds com 
ponents of the invention which may be contained within 
plastic, polyethylene, polypropylene, ethylene or propylene 
vessels. The vessels can be capped-tubes or bottles. The kit 
can also include instructions for administering a protein of 
interest (e.g., an antibody) of the invention. 
The kit can further contain one more additional reagents, 

Such as an immunosuppressive reagent, a cytotoxic agent or a 
radiotoxic agent or one or more additional proteins of interest 
of the invention (e.g., an antibody having a complementary 
activity which binds to an epitope in the TNFC. antigen dis 
tinct from a first anti-TNFC. antibody). Kits typically include 
a label indicating the intended use of the contents of the kit. 
The term label includes any writing or recorded material 
Supplied on or with the kit or which otherwise accompanies 
the kit. 
The invention also provides a pharmaceutical pack or kit 

comprising one or more containers filled with a liquid formu 
lation or lyophilized formulation of a protein of interest (e.g., 
an antibody orantibody fragment thereof) of the invention. In 
one embodiment, a container filled with a liquid formulation 
of the invention is a pre-filled Syringe. In a specific embodi 
ment, the formulations of the invention are formulated in 
single dose vials as a sterile liquid. For example, the formu 
lations may be supplied in 3 cc USPType I borosilicate amber 
vials (West Pharmaceutical Services Part No. 6800-0675) 
with a target volume of 1.2 mL. Optionally associated with 
Such container(s) can be a notice in the form prescribed by a 
governmental agency regulating the manufacture, use or sale 
of pharmaceuticals or biological products, which notice 
reflects approval by the agency of manufacture, use or sale for 
human administration. 

In one embodiment, a container filled with a liquid formu 
lation of the invention is a pre-filled syringe. Any pre-filled 
Syringe known to one of skill in the art may be used in 
combination with a liquid formulation of the invention. Pre 
filled Syringes that may be used are described in, for example, 
but not limited to, PCT Publications WO05032627, 
WO08094984, WO9945985, WO03077976, U.S. Pat. Nos. 
6,792,743, 5,607,400, 5,893,842, 7,081,107, 7,041,087, 
5,989,227, 6,807,797, 6,142,976, 5,899,889, 7,699,811, 
7,540,382, 7,998,120, 7,645,267 and US Patent Publication 
No. US20050075611. Pre-filled syringes may be made of 
various materials. In one embodiment a pre-filled Syringe is a 
glass syringe. In another embodiment a pre-filled Syringe is a 
plastic syringe. One of skill in the art understands that the 
nature and/or quality of the materials used for manufacturing 
the Syringe may influence the stability of a protein formula 
tion stored in the Syringe. For example, it is understood that 
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silicon based lubricants deposited on the inside surface of the 
Syringe chamber may affect particle formation in the protein 
formulation. In one embodiment, a pre-filled Syringe com 
prises a silicone based lubricant. In one embodiment, a pre 
filled Syringe comprises baked on silicone. In another 
embodiment, a pre-filled syringe is free from silicone based 
lubricants. One of skill in the art also understands that small 
amounts of contaminating elements leaching into the formu 
lation from the Syringe barrel, Syringe tip cap, plunger or 
stopper may also influence stability of the formulation. For 
example, it is understood that tungsten introduced during the 
manufacturing process may adversely affect formulation sta 
bility. In one embodiment, a pre-filled Syringe may comprise 
tungsten at a level above 500 ppb. In another embodiment, a 
pre-filled Syringe is a low tungsten syringe. In another 
embodiment, a pre-filled Syringe may comprise tungsten at a 
level between about 500 ppb and about 10 ppb, between about 
400 ppb and about 10 ppb, between about 300 ppb and about 
10 ppb, between about 200 ppb and about 10 ppb, between 
about 100 ppb and about 10 ppb, between about 50 ppb and 
about 10 ppb, between about 25 ppb and about 10 ppb. 

In certain embodiments, kits comprising proteins of inter 
est (e.g., antibodies) of the invention are also provided that are 
useful for various purposes, e.g., research and diagnostic 
including for purification or immunoprecipitation of protein 
of interest from cells, detection of the protein of interest in 
vitro or in vivo. For isolation and purification of a protein of 
interest, the kit may contain an antibody coupled to beads 
(e.g., Sepharose beads). Kits may be provided which contain 
the antibodies for detection and quantitation of a protein of 
interest in vitro, e.g., in an ELISA or a Western blot. As with 
the article of manufacture, the kit comprises a container and a 
label or package insert on or associated with the container. 
The container holds a composition comprising at least one 
protein of interest (e.g., antibody) of the invention. Additional 
containers may be included that contain, e.g., diluents and 
buffers, control proteins of interest (e.g., antibodies). The 
label or package insert may provide a description of the 
composition as well as instructions for the intended in vitro or 
diagnostic use. 
The present invention also encompasses a finished pack 

aged and labeled pharmaceutical product. This article of 
manufacture includes the appropriate unit dosage form in an 
appropriate vessel or container Such as a glass vial, pre-filled 
Syringe or other container that is hermetically sealed. In one 
embodiment, the unit dosage form is provided as a sterile 
particulate free Solution comprising a protein of interest (e.g., 
an antibody) that is suitable for parenteral administration. In 
another embodiment, the unit dosage form is provided as a 
sterile lyophilized powder comprising a protein of interest 
(e.g., an antibody) that is Suitable for reconstitution. 

In one embodiment, the unit dosage form is Suitable for 
intravenous, intramuscular, intranasal oral, topical or Subcu 
taneous delivery. Thus, the invention encompasses sterile 
solutions suitable for each delivery route. The invention fur 
ther encompasses sterile lyophilized powders that are suitable 
for reconstitution. 
As with any pharmaceutical product, the packaging mate 

rial and container are designed to protect the stability of the 
product during storage and shipment. Further, the products of 
the invention include instructions for use or other informa 
tional material that advise the physician, technician or patient 
on how to appropriately prevent or treat the disease or disor 
der in question, as well as how and how frequently to admin 
ister the pharmaceutical. In other words, the article of manu 
facture includes instruction means indicating or Suggesting a 
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dosing regimen including, but not limited to, actual doses, 
monitoring procedures and other monitoring information. 

Specifically, the invention provides an article of manufac 
ture comprising packaging material. Such as a box, bottle, 
tube, Vial, container, pre-filled Syringe, sprayer, insufflator, 
intravenous (i.v.) bag, envelope and the like; and at least one 
unit dosage form of a pharmaceutical agent contained within 
said packaging material, wherein said pharmaceutical agent 
comprises a liquid formulation containing a protein of inter 
est (e.g., an antibody). The packaging material includes 
instruction means which indicate how that said protein of 
interest (e.g., antibody) can be used to prevent, treat and/or 
manage one or more symptoms associated with a disease or 
disorder. 
The present invention is further illustrated by the following 

examples which should not be construed as limiting in any 
way. The contents of all cited references, including literature 
references, issued patents and published patent applications, 
as cited throughout this application are hereby expressly 
incorporated herein by reference. It should further be under 
stood that the contents of all the figures and tables attached 
hereto are expressly incorporated herein by reference. The 
entire contents of the following applications are also 
expressly incorporated herein by reference: 

U.S. Provisional Patent Application 61/893,123, entitled 
STABLE SOLID PROTEIN COMPOSITIONS AND 
METHODS OF MAKING SAME, filed on Oct. 18, 2013; 

U.S. Provisional Application Ser. No. 61/892,833, entitled 
LOWACIDIC SPECIES COMPOSITIONS AND METH 
ODS FOR PRODUCING THE SAME USING DISPLACE 
MENT CHROMATOGRAPHY, filed on Oct. 18, 2013; 

U.S. Provisional Patent Application 61/892,710, entitled 
MUTATED ANTI-TNFOANTIBODIES AND METHODS 
OF THEIR USE, filed on Oct. 18, 2013; 

U.S. Provisional Patent Application 61/893,068, entitled 
LOWACIDIC SPECIES COMPOSITIONS AND METH 
ODS FOR PRODUCING THE SAME, filed on Oct. 18, 
2013; 

U.S. Provisional Patent Application 61/893,088, entitled 
MODULATED LYSINE VARIANT SPECIES AND 
METHODS FOR PRODUCING AND USING THE 
SAME, filed on Oct. 18, 2013; and 

U.S. Provisional Patent Application 61/893,131, entitled 
“PURIFICATION OF PROTEINS USING HYDROPHO 
BIC INTERACTION CHROMATOGRAPHY, filed on Oct. 
18, 2013. 

EXAMPLES 

Example 1 

Control of Heterogeneity by Addition of 
Hydrolysates to CD Media GIA-1 for Culture of an 

Adalimumab-Producing Cho Cell Line #1 

Control of heterogeneity of therapeutic monoclonal anti 
bodies (mAbs) can aid in ensuring their efficacy, stability, 
immunogenicity and biological activity. Media composition 
has been shown to play a role in product quality of mAbs 
together with process conditions and choice of cell line. In 
certain embodiments, the present invention provides methods 
for fine-tuning the product quality profile of a mAb produced 
in various Chinese hamster ovary (CHO) cell lines by supple 
mentation of yeast and/or plant hydrolysates to chemically 
defined (CD) media. In certain embodiments, the resulting 
mAb product is characterized by having a decreased content 
of complex agalactosylated glycans NGA2F and NGA2F 
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GlcNac and increased levels of terminally galactosylated gly 
cans NA1F and NA2F. In certain embodiments, addition of 
increasing amounts of yeast, soy or wheat hydrolysates from 
several suppliers to a CD medium resulted in altered product 
quality profiles in a concentration-dependent manner. 

In the studies Summarized in this example, the effects on 
glycosylation resulting from the addition of yeast (Bacto TC 
Yeastolate: 2, 5, 11 g/L), soy (BBL Phytone Peptone: 2, 4, 7, 
10, 15 g/L) or wheat (Wheat Peptone E1:2, 4, 7, 10, 15 g/L) 
hydrolysates to CD medium GIA-1 (Life Technologies 
Gibco, proprietary formulation) in the adalimumab-produc 
ing CHO cell line #1 were investigated. The antibody pro 
duced by the adalimumab-producing CHO cell line #1 was 
identified as mAb #1. 

1.1 Materials and Methods 
Adaptation and production media were Supplemented with 

Bacto TCYeastolate, BBL Phytone Peptone or Wheat Pep 
tone E1 according to the experimental design in FIG. 39. The 
control cultures were not supplemented with hydrolysates. In 
addition to hydrolysates, adaptation media was Supplemented 
with 0.876 g/kg. L-glutamine and 2.0 mL/kg methotrexate 
solution and production media was supplemented with 0.584 
g/L L-glutamine. The experiment was designed into two 
blocks. All media pH was adjusted to approximately 7.1 using 
6N hydrochloric acid/5N sodium hydroxide. The media 
osmolality was adjusted to 290-300 mOsmol/kg with sodium 
chloride. 
The adalimumab-producing cultures were expanded for 3 

passages (3 days each) in their respective adaptation media in 
a combination of 250 mL (50 mL or 100 mL working volume) 
and 500 mL (150 mL working volume) Corning vented non 
baffled shake flasks and maintained on an orbital shaker at 
110 RPM in a 35°C., 5% CO dry incubator. At each passage, 
cultures were inoculated at an initial viable cell density 
(VCD) of approximately 0.5x10° cells/mL. 

Production cultures were initiated in duplicate 500 mL 
Corning, vented, non-baffled shake flasks each containing 
200 mL culture in dry incubators at 35°C., 5% CO, and 110 
RPM. Initial VCD was approximately 0.5x10 cells/mL. A 
1.25% (v/v) 40% glucose stock solution was fed when the 
media glucose concentration was less than 3 g/L. 

For all studies described throughout this application, 
samples were collected daily and measured for cell density 
and viability using a Cedex cell counter. Retention samples 
for titer analysis (2x1.5 mL per condition) via Poros A 
method were collected daily after culture viability fell below 
90%. Samples were centrifuged at 12,000 RPM for 5 minand 
the supernatant was stored at -80° C. until further analysis. 
The harvest procedure was performed by centrifugation of the 
culture sample at 3,000 RPM for 30 min followed by storage 
of the supernatant in 125 mL PETG bottles at -80° C. until 
protein A purification, oligosaccharide and WCX-10 analy 
S1S. 

For the oligosaccharide assay, the oligosaccharides are 
released from the protein by enzymatic digestion with N-gly 
canase. Once the glycans are released, the free reducing end 
of each glycan is labeled by reductive amination with a fluo 
rescent tag, 2-aminobenzamide (2-AB). The resulting labeled 
glycans are separated by normal-phase HPLC (NP-HPLC) in 
acetonitrile: 50 mMammonium formate, pH 4.4 and detected 
by a fluorescence detector. Quantitation is based on the rela 
tive area percent of detected Sugars. The relative area percents 
of the agalactosyl fucosylated biantennary oligosaccharides 
(NGA2F and NGA2F-GlcNac) and the galactose-contain 
ing fucosylated biantennary oligosaccharides NA1F and 
NA2F are reported and discussed. 
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1.2 Culture Growth and Productivity 
The majority of cultures grew to a similar peakVCD in the 

range of 9-11x10° cells/mL. Cultures supplemented with 11 
g/L yeast hydrolysate BD TC yeastolate experienced slight 
inhibition of growth (FIG. 1A). Viability profiles were com 
parable to the control condition with cultures lasting 11 to 13 
days (FIG. 1B). Increasing the yeast hydrolysate concentra 
tion in CDM media GIA-1 resulted in decreased average 
productivity compared to the control condition. Cultures 
supplemented with soy or wheat hydrolysates lasted 12 to 13 
days and experienced slightly increased average titer com 
pared to the control condition (FIG. 1C). 

1.3 Oligosaccharide Analysis 
Addition of yeast, soy or wheat hydrolysates to CD media 

GIA-1 lowered the percentage of glycans NGA2F and 
NGA2F-GlcNac by 1-14% and increased the percentage of 
NA1F and NA2F glycans by 2-12% compared to control 
condition (NGA2F and NGA2F-GlcNac: 89%; NA1F and 
NA2F: 6%) (FIGS. 2A-B). A dose-dependent decrease in 
NGA2F and NGA2F-GlcNac and a corresponding increase in 
NA1F and NA2F glycans was observed with the addition of 
yeast, soy or wheat hydrolysate over the tested range. The 
highest percentage decrease in NGA2F and NGA2F-GlcNac 
and corresponding highest increase in NA1F and NA2F gly 
cans was recorded for the condition Supplemented with 7 g/L 
BD BBL phytone peptone (NGA2F and NGA2F-GlcNac: 
78% and NA1F and NA2F: 18%) compared to control. 

Example 2 

Yeast and Soy Hydrolysates Combined Addition to 
Multiple Commercially Available CD Media for 

Culture of an Adalimumab-Producing Cho Cell Line 
H1 

In the study summarized in this example, the effects of 
combined yeast and soy hydrolysates addition to CD media 
from multiple suppliers: Life Technologies Gibco (OptiCHO 
and GIA-1), Irvine Scientific (IS CHO-CD) and HyClone/ 
Thermo Scientific (CDM4CHO) on product quality in the 
adalimumab-producing CHO cell line #1 utilized in Example 
1 were evaluated. 

2.1 Materials and Methods 
The liquid or powder formulation media were purchased 

from multiple vendors (Life Technologies Gibco OptiCHO 
and GIA-1; Irvine Scientific IS CHO-CD; and HyClone/ 
Thermo Scientific CDM4CHO), reconstituted per the 
manufacturers’ recommendations and Supplemented with 
Bacto TCYeastolate and BBL Phytone Peptone according to 
the experimental design in FIG. 40. The control cultures for 
each condition were not supplemented with hydrolysates. All 
media pH was adjusted to approximately 7.1 using 6N hydro 
chloric acid/5N sodium hydroxide. 

Cultures were expanded for 3 passages (3 days each) in 
their respective adaptation media in a combination of 250 mL 
(50 mL or 100 mL working volume) and 500 mL (150 mL 
working Volume) Corning vented non-baffled shake flasks 
and maintained on an orbital shaker at 110 RPM in a 35°C., 
5% CO, dry incubator. Production cultures were initiated in 
duplicate 500 mL (200 mL working volume) Corning vented 
non-baffled shake flasks at an initial VCD of approximately 
0.5x10° cells/mL. The shake flask study was run in an 
extended batch-mode by feeding a glucose solution (1.25% 
(v/v) of 40% solution) when the media glucose concentration 
fell below 3 g/L. 
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2.2 Culture Growth and Productivity 
Commercially available CD media supported markedly 

different culture growth profiles with maximum VCD of 2-9x 
10° cells/mL and culture duration ranging from 7 to 15 days 
(FIG. 3A). Addition of yeast and soy hydrolysates to Life 
Technologies Gibco OptiCHO and GIA-1 and HyClone 
CDM4CHO media decreased peak VCD and increased cul 
ture length by 2 to 6 days. However, addition of hydrolysates 
to Irvine IS CHO-CD media increased peak VCD from 2.5.x 
10° cells/mL to 5.4x10° cells/mL. Culture viability declined 
slower with addition of hydrolysates for all media tested 
(FIG. 3B). Productivity also varied significantly among cul 
tures; however, the addition of hydrolysates to CD media 
increased productivity in all cases (FIG. 3C). 

2.3 Oligosaccharide Analysis 
The combined addition of yeast and soy hydrolysates to 

various commercially available CD media lowered the per 
centage of NGA2F and NGA2F-GlcNac glycans by 2-10% 
compared to control (FIG. 4A): from 81% to 79% (HyClone 
CDM4CHO): from 80% to 75% (Irvine IS CHO-CD); from 
88% to 80% (LifeTechnologies OptiCHO): from 90% to 80% 
(Life Technologies GIA-1). The percentage of NA1F and 
NA2F glycans increased by 3-8% compared to control (FIG. 
4B): from 15% to 18% (HyClone CDM4CHO): from 6% to 
12% (Life Technologies GIA-1); from 16% to 21% (Irvine IS 
CHO-CD); from 5% to 13% (Life Technologies OptiCHO). 

Example 3 

Yeast, Soy or Wheat Hydrolysates Addition to CD 
Media GIA-1 for Culture of an 

Adalimumab-Producing CHO Cell Line #1 

In the study Summarized in this example, we investigated 
the effects on glycosylation resulting from the addition of 
yeast (5, 11 g/L), Soy (4, 7 g/L) or wheat (4, 7 g/L) hydroly 
sates from multiple vendors (BD Biosciences. Sheffield/ 
Kerry Biosciences, DMV International, Irvine Scientific and 
Organotechnie) to CDMGIA-1 in the adalimumab-produc 
ing CHO cell line #1. 

3.1 Materials and Methods 
Adaptation and production media were Supplemented with 

Bacto TCYeastolate, BBL Phytone Peptone or Wheat Pep 
tone E1 according to the experimental design in FIG. 41. The 
control cultures were not Supplemented with hydrolysates. 
All media pH was adjusted to approximately 7.1 using 6N 
hydrochloric acid/5N sodium hydroxide. The media osmola 
lity was adjusted to 290-300 mOsmol/kg with sodium chlo 
ride. 

Cultures were expanded for 3 passages (3 days each) in 
their respective adaptation media in a combination of 250 mL 
(50 mL or 100 mL working volume) and 500 mL (150 mL 
working Volume) Corning vented non-baffled shake flasks 
and maintained on an orbital shaker at 110 RPM in a 35°C., 
5% CO dry incubator. Production cultures were initiated in 
duplicate 500 mL (200 mL working volume) Corning, 
vented, non-baffled shake flasks at an initial VCD of approxi 
mately 0.5x10° cells/mL. The shake flask study was run in an 
extended-batch mode by feeding a glucose solution (1.25% 
(v/v) of 40% solution) when the media glucose concentration 
fell below 3 g/L. 

3.2 Culture Growth and Productivity 
Culture growth and viability profiles were comparable 

among all test conditions (FIGS. 5A-C, 6A-C) except for 11 
g/L BD Bacto TCyeastolate, for which a slight decrease in the 
growth rate and maximum VCD was observed. Supplemen 
tation of CD media GIA-1 with yeast hydrolysates lowered 
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the harvest titer by up to 25% compared to the control, while 
the harvest titer increased up to 14% and 27% with the addi 
tion of soy or wheat hydrolysates, respectively (FIG. 7). 

3.3 Oligosaccharide Analysis 
Addition of yeast, soy or wheat hydrolysates to CD media 

GIA-1 decreased the NGA2F and NGA2F-GlcNac glycans in 
a dose-dependent manner for all hydrolysate vendors evalu 
ated (FIGS. 8A-B). Addition of yeast hydrolysates to CD 
media GIA-1 lowered the percentage of NGA2F and 
NGA2F-GlcNac glycans by 4-9% and increased the percent 
age of NA1F and NA2F glycans by 5-10% compared to 
control (NGA2F and NGA2F-GlcNac: 90%; NA1F and 
NA2F: 6%). Addition of soy hydrolysates to CD media GIA-1 
decreased the NGA2F and NGA2F-GlcNac glycans by 
9-14% and increased the NA1F and NA2F glycans by 
11-15% compared to control. Addition of wheat hydrolysates 
decreased the NGA2F and NGA2F-GlcNac glycans by 
4-11% and increased the NA1F and NA2F glycans by 6-12% 
compared to control. 

Example 4 

Control of Heterogeneity by Addition of Reduced 
Ratio of Yeast to Plant Hydrolysate 

To identify the role which the ratio of yeast to plant 
hydrolysate plays in connection with the generation of pro 
tein heterogeneity, experiments employing a range of differ 
ent hydrolysate ratios were undertaken. The cell culture 
medium employed in each experimental process contains 
both yeast and soy hydrolysate (phytone). The ratios of yeast 
to soy hydrolysate (by weight) are 1.55, 0.67 and 0.25. The 
total weight of yeastolate and Soy hydrolysate were not 
changed in each experimental process. Two distinct yeasto 
late lots were used in connection with these experiments (see 
FIGS. 9 & 11 and 10 & 12, respectively). Culture growth, 
productivity and product quality were assessed. As outlined 
in FIGS. 9-12, reducing the yeast to soy hydrolysate ratio 
resulted in altered oligosaccharide profiles. 

4.1. Materials and Methods 
The CHO cell line #1 was employed in the studies covered 

here. The production medium used in this experiment con 
tains basal medium PFCHO, Bacto TC yeastolate and phy 
tone peptone. The pH of all media was adjusted to 7.15; and 
media osmolality was adjusted to 373–403 mOsmol/kg with 
sodium chloride. For each experiment, 500 mL shakers with 
200 mL working volume were employed at the following 
conditions: 35° C. constant temperature; 5% CO; and 110 
RPM. Cultures were inoculated at an initial viable cell density 
(VCD) of approximately 0.5x10 cells/mL. Two mL of 40% 
W/w glucose solution was added to each shaker when the 
glucose concentration dropped below 2 g/L. The shakers were 
harvested when the viable cell density decreased to approxi 
mately 50%. The harvest broth was centrifuged at 3200 rpm 
for 30 min at 5° C. to remove cells and the supernatant was 
Stored at -80° C. 

Samples were taken daily from each shaker to monitor 
growth. The following equipment was used to analyze the 
samples: Cedex cell counter, Radiometer blood gas analyzer, 
YSIglucose analyzer and osmometer. The harvest samples 
stored at -80°C. were later thawed and analyzed fortiter with 
Poros AHPLC method. In addition, the thawed samples were 
filtered through a 0.2 um filter, purified by Protein A chroma 
tography and then oligosaccharide analysis was performed as 
described in Example 1. 
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4.2 Cell Growth and Productivity 
In the first hydrolysate study, the viable cell densities for 

the reduced ratios of yeastolate to phytone (i.e.Y/P=0.67 and 
Y/P=0.25) were much lower than the viable cell density for 
the 1.55 ratio of yeastolate to phytone (FIG.9). As a result, the 
IVCC on day 13 (i.e. the harvest day) was significantly lower 
for the reduced ratio conditions compared to the 1.55 ratio 
condition and the titer was also lower (but not statistically 
significantly—data not shown). The viability profiles were 
comparable until day 8 (FIG. 9). After day 8, the viability 
declined faster for the reduced ratio conditions. In hydroly 
sate study 2, the viable cell density and viability for the 1.55 
ratio were slightly lower than those with reduced ratio in the 
exponential phase, but higher in the decline phase (FIG. 10). 
However, the titer for the 1.55 ratio shaker was 0.2 g/L lower 
than the reduced ratio (i.e. Y/P=0.67) (data not shown). 

4.3. Oligosaccharide Analysis 
Glycosylation profiles for hydrolysate studies 1 and 2 are 

shown in FIGS. 11 and 12, respectively. Reducing the ratio of 
yeastolate to phytone reduced the percentage of NGA2F and 
(NGA2F-GlcNAc) glycan. In hydrolysate study 1, the per 
centage of NGA2F and (NGA2F-GlcNAc) was significantly 
reduced for Y/P=0.67 and Y/P=0.25 as compared to 
Y/P=1.55. Thep values were 0.03 and 0.001 forY/P=0.67 and 
Y/P=0.25, respectively. At the same time, the percentage of 
NA1F and NA2F was increased significantly as the ratio of 
yeastolate to phytone was reduced. 
As shown in FIG. 12 in hydrolysate study 2, the difference 

in the percentage of NGA2F and (NGA2F-GlcNAc) between 
Y/P=0.67 and Y/P=1.55 was significant (i.e. p=0.000002). 
The percentage of NGA2F and (NGA2F-GlcNAc) was low 
ered from 77.5% in the 1.55 ratio to approximately 75.4% 
with the reduced ratio. 

Therefore, this study successfully demonstrated that 
reducing the ratio of yeastolate to phytone could alter oli 
gosaccharide profile using two different lots of yeast hydroly 
Sate. 

Example 5 

Control of Heterogeneity by Supplementation with 
Asparagine 

The present invention relates to methods for modulating 
the glycosylation profile of a monoclonal antibody (mAb) by 
varying the concentration of asparagine in cell culture media. 
Cell culture medium components, such as asparagine, are 
commonly used and are typical constituents of Suspension 
culture media. These nutrients are important for ensuring 
both robust cell growth and production of glycoproteins. It 
has been shown that the cell viability and product titer can be 
enhanced by the addition of asparagine to a glutamine-free 
production medium (Genentech, Inc. “Production of Proteins 
in Glutamine-Free Cell Culture Media WO2011 019619 
(2010)). However, the present invention provides methods to 
modify glycosyaltion distribution by adjusting the concentra 
tion of asparagine. Without being bound by theory, it is 
thought that the effect of asparagine on glycosylation profile 
of an antibody is through its conversion to glutamine and/or 
aspartate. Asparagine is the amide donor for glutamine and 
can be converted to glutamine and/or aspartate (H Huang, Y 
Yu. XYi, Y Zhang "Nitrogen metabolism of asparagine and 
glutamate in Vero cells studied by 1H/15N NMR spectros 
copy’ Applied microbiology and biotechnology 77 (2007) 
427-436). Glutamine and aspartate are important intermedi 
ates in pyrimidine synthesis; and it is known that enhancing 
de novo pyrimidine biosynthesis could increase intracellular 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

52 
UTP concentration (Genentech, Inc. “Galacosylation of 
Recombinant Glycoproteins' US20030211573 (2003)). In 
addition, studies have Suggested that glutamine and aspartate 
limitation is expected to inhibit amino Sugar synthesis (GB 
Nyberg, RR Balcarcel, B D Follstad, G Stephanopoulos, DI 
Wang "Metabolic effects on recombinant interferon-gamma 
glycosylation in continuous culture of Chinese hamster ovary 
cells’ Biotechnology and Bioengineering 62 (1999) 336-47: 
D C F Wong, KTK Wong, LT Goh, C K Heng, M G S. Yap 
“Impact of dynamic online fed-batch Strategies on metabo 
lism, productivity and N-glycosylation quality in CHO cell 
cultures’ Biotechnology and Bioengineering 89 (2005) 164 
177). Both UTP and amino sugar are required for the synthe 
sis of UDP-GlcNac, which is the substrate for protein glyco 
sylation process. It is also possible that the effect of 
asparagine on glycosyaltion is via increasing ammonia con 
centration in the cell culture medium since it is showed that 
the addition of ammonia in CHO cultures could reduce the 
extent of glycosylation of synthesized EPO (M. Yang and M. 
Butler “Effect of Ammonia on the Glycosylation of Human 
Recombinant Erythropoietin in Culture' Biotechnol. Prog. 
16 (2000) 751-759). We have found that ammonia concentra 
tion was increased after asparagine addition into the cell 
culture media. 

In the studies Summarized in Example 5, we investigated 
the effects on product quality attributes resulting from the 
addition of asparagine to hydrolysate based medium in an 
adalimumab-producing CHO cell line, generically named 
CHO cell line #1. Two experiments were performed in the 
instant Example. For the first experiment, glutamine and/or 
asparagine were added (at an individual concentration of 0.4 
g/L) on day 6. For the second experiment, asparagine was 
added at different dosage (i.e. 0.4 g/L, 0.8 g/L or 1.6 g/L) 
either on day 0 (before inoculation) or together with the first 
glucose shot (happened on day 7). 

5.1 Materials and Methods 
The CHO cell line #1 was employed in the studies covered 

here. Upon thaw, cells were expanded in a 19-days seed train 
and then transferred into seed reactors for up to 7 days in 
growth medium. The cells were then brought to the laboratory 
and used in the Small scale bioreactor experiments. The media 
used in these experiments contains basal media PFCHO (pro 
prietary formulation), Bacto TCYeastolate and Phytone Pep 
tOne. 

Three litter Applikon bioreactors were sterilized and then 
charged with production medium. At inoculation, cells were 
aseptically transferred into each bioreactor to reach an initial 
cell density of 0.5x10" viable cells/mL. After inoculation, the 
bioreactors were set to the following conditions: pH=7.1. 
T=35° C., DO-30% and agitation=200 rpm. The pH was 
shifted from 7.1 to 6.9 over the first 2.5 days and held at 6.9 for 
the remainder of the run. The percentage of dissolved oxygen 
was controlled by sparging a mixture of air and oxygen. The 
addition of 0.5 N NaOH or sparging of CO maintained the 
pH. When the glucose concentration fell below 2 g/L, 
approximately 1.25% (v/v) of glucose solution (400 g/kg) 
was added to the cell culture. 

For the first experiment, glutamine and/or asparagine were 
added (at an individual concentration of 0.4 g/L) together 
with the first glucose shot (happened on day 6). For the second 
experiment, asparagine was added at different dosage (i.e., 
0.4 g/L, 0.8 g/L or 1.6 g/L) either on day 0 (before inocula 
tion) or together with the first glucose shot (happened on day 
7). 

Samples were taken daily from each reactor to monitor 
growth. The following equipment was used to analyze the 
samples: Cedex cell counter for cell density and viability; 
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Radiometer ABL 5 blood gas analyzer for pH, pCO2 and 
pO2; YSI 7100 analyzer for glucose and lactate concentra 
tion. Some of the daily samples and the harvest samples were 
centrifuged at 3,000 RPM for 30 min and then the superna 
tants were stored at -80° C. Later, the thawed harvest samples 
were filtered through a 0.2 um filter, purified by Protein A 
chromatography and then oligosaccharide analysis was per 
formed and then oligosaccharide analysis was performed as 
described in Example 1. 

5.2 Culture growth and Productivity 
In both of the experiments performed in 3 L bioreactor in 

hydrolysate based media with CHO cell line #1 described in 
the instant Example, the addition of glutamine and/or aspar 
agine together with a glucose shot increased the maximum 
cell density (FIGS. 13A and 15A, respectively). The increase 
in cell density is started two days after the addition in both 
cases. Maximum viable cell density was consistent when 0.4 
g/L of glutamine or asparagine was added. Increasing the 
concentration of asparagine to 0.8 g/L or adding both 
glutamine and asparagine at a concentration of 0.4 g/L each 
further increased the maximum viable cell density; however, 
adding asparagine at a higher concentration than 0.8 g/L (e.g., 
1.6 g/L) did not continue to increase the maximum viable cell 
density. In contrast, when asparagine was added on day 0 
(before inoculation), the maximum viable cell density 
increased in a dose dependent manner, with the maximum 
viable cell density being reached when 1.6 g/L of asparagine 
was added on day 0 (FIG. 17A). 
A drop in viability was delayed, as compared to control 

cultures, in both experiments described in the instant 
Example for approximately 3 days when glutamine and/or 
asparagine was added on day 6 or 7 (FIGS. 13B and 15B, 
respectively). However, the drop in viability accelerated on 
the last day of the cultures. In contrast, although the drop in 
viability was delayed when asparagine was added on day 0, 
the effect of delaying viability decay was not as efficient as 
when the amino acids were added later (e.g., on day 6 or day 
7) as shown in FIG. 17B. 

5.3 Oligosaccharide Analysis 
The experiments described in the instant Example indicate 

that oligosaccharide distribution is altered with the addition 
of asparagine and/or glutamine. The addition of asparagine 
increased NGA2F and NGA2F-GlcNac in a dose dependent 
manner. Compared to control, the percentage of NGA2F and 
NGA2F-GlcNac was increased by 1.0-3.9% and the percent 
age of NA1F and NA2F was decreased by 1.1-4.3% when 0.4 
to 1.6 g/L asparagine was added on either day 0 or days 6 or 
7 (FIGS. 14A-14B, 16A-16B and 18A-18E3). Addition of 0.4 
g/L glutamine increased the percentage of NGA2F and 
NGA2F-GlcNac by 0.7% and lowered the percentage of 
NA1F and NA2F by 0.9%. Adding both asparagine and 
glutamine (0.4 g/L of each) increased the percentage of 
NGA2F and NGA2F-GlcNAc by 3.3% and decreased the 
percentage of NA1F and NA2F by 4.2%. In addition, the cell 
growth profile is the same when 0.8 and 1.6 g/L of asparagine 
was added on day 7 (FIGS. 15A and 15B), but a dose depen 
dent effect on oligosaccharide distribution was observed 
(FIGS. 16A and 16B), indicating that the effect on oligosac 
charide distribution was due to the addition of asparagine and 
not the increased maximum viable cell density or delayed 
drop in viability. 

Example 6 

Yeast, Soy or Wheat Hydrolysate Addition to 
Commercially Available CD Media is CHO-CD for 
Culture of an Adalimumab-Producing CHO Cell 

Line #1 

In the study Summarized in this example, the effects on 
glycosylation resulting from the addition of yeast, soy or 
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wheat hydrolysates to CD media IS CHO-CD (Irvine Scien 
tific) in the adalimumab-producing CHO cell line #1 utilized 
in Example 1 were evaluated. 

6.1 Materials and Methods 
Adaptation and production media (Irvine Scientific IS 

CHO-CD 91119) were supplemented with Bacto TCYeasto 
late, BBL Phytone Peptone or Wheat Peptone E1 according to 
the experimental design in FIG. 42. The control cultures were 
not supplemented with hydrolysates. All media pH was 
adjusted to approximately 7.1. 

Cultures were expanded for 3 passages (3 days each) in 
their respective adaptation media in a combination of 250 mL 
(50 mL or 100 mL working volume) and 500 mL (150 mL 
working Volume) Corning vented non-baffled shake flasks 
and maintained on an orbital shaker at 110 RPM in a 35°C., 
5% CO dry incubator. Production cultures were initiated in 
duplicate 500 mL (200 mL working volume) Corning vented 
non-baffled shake flasks at an initial VCD of approximately 
0.5x10° cells/mL. The shake flask study was run in an 
extended-batch mode by feeding a glucose solution (1.25% 
(v/v) of 40% solution) when the media glucose concentration 
fell below 3 g/L. 

6.2 Culture Growth and Productivity 
Addition of yeast, soy or wheat hydrolysates to Irvine IS 

CHO-CD media increased the maximum VCD and culture 
length for most conditions studied compared to the control 
(FIG. 19A). The largest increase in maximum VCD was 
recorded for cultures supplemented with 5 g/L Bacto TC 
Yeastolate. A concentration-dependent increase in harvest 
titer was observed for all cultures supplemented with 
hydrolysates (FIG. 19C). 

6.3 Oligosaccharide Analysis 
Supplementation of Irvine IS CHO-CD media with yeast 

hydrolysates decreased the percentage of NGA2F and 
NGA2F-GlcNac glycans by 3-4% and increased the percent 
age of NA1F and NA2F glycans by the same percentage 
compared to control (NGA2F and NGA2F-GlcNac: 73%; 
NA1F and NA2F: 25%) (FIGS. 20A-B). Addition of soy 
hydrolysates to Irvine IS CHO-CD media decreased the per 
centage of NGA2F and NGA2F-GlcNac glycans by 4% and 
increased the percentage of NA1F and NA2F glycans by the 
same percentage compared to control. However, addition of 
wheat hydrolysates to Irvine IS CHO-CD media resulted in 
an opposite trend. A concentration-dependent increase in the 
percentage of NGA2F and NGA2F-GlcNac glycans by 1-3% 
and a corresponding decrease in the percentage of NA1F and 
NA2F glycans was observed. 

Example 7 

Yeast, Soy or Wheat Hydrolysate Addition to CD 
Media GIA-1 for Culture of an 

Adalimumab-Producing CHO Cell Line #2 

In the study Summarized in this example, the effects on 
glycosylation resulting from the addition of yeast, Soy or 
wheat hydrolysates to CD media GIA-1 in an adalimumab 
producing CHO cell line, generically named CHO cell line #2 
were evaluated. The antibody produced by the adalimumab 
producing CHO cell line #2 was identified as mAb #2. 

7.1 Materials and Methods 
Adaptation and production media were Supplemented with 

Bacto TCYeastolate, BBL Phytone Peptone or Wheat Pep 
tone E1 according to the experimental design in FIG. 43. The 
control cultures were not Supplemented with hydrolysates. 
All media pH was adjusted to approximately 7.1 and the 
media osmolality was adjusted to 290-300 mOsmol/kg. 



US 9,290,568 B2 
55 

Cultures were expanded for 3 passages (3 days each) in 
their respective adaptation media in a combination of 250 mL 
(50 mL or 100 mL working volume) and 500 mL (150 mL 
working Volume) Corning vented non-baffled shake flasks 
and maintained on an orbital shaker at 180 RPM in a 35°C., 
5% CO dry incubator. Production cultures were initiated in 
duplicate 500 mL (200 mL working volume) Corning vented 
non-baffled shake flasks at an initial VCD of approximately 
0.5x10° cells/mL. The shake flask study was run in an 
extended-batch mode by feeding a glucose solution (1.25% 
(v/v) of 40% solution) when the media glucose concentration 
fell below 3 g/L. 

7.2 Culture Growth and Productivity 
Supplementation of yeast, soy or wheat hydrolysates to CD 

media GIA-1 extended the culture length by 1 to 3 days and 
decreased the maximum VCD in a dose-dependent manner 
(FIGS. 21A-B). The addition of these hydrolysates at the 
highest concentrations significantly decreased maximum 
VCD, with wheat hydrolysates added at 10 g/L showing the 
most severe growth inhibition effects. However, an impact on 
harvest titer was only observed for the culture supplemented 
with 10 g/L wheat hydrolysates (65% reduction). An increase 
in the harvest titer compared to the control (FIG. 21C) was 
found in most other cultures. 

7.3 Oligosaccharide Analysis 
Addition of yeast hydrolysates decreased the percentage of 

NGA2F and NGA2F-GlcNac glycans by 3-5% and increased 
the percentage of NA1F and NA2F glycans by 5-8% com 
pared to control (NGA2F and NGA2F-GlcNac: 89%; NA1F 
and NA2F: 3%) (FIGS. 22A-B). Addition of soy hydrolysates 
to CD media GIA-1 decreased the NGA2F and NGA2F 
GlcNac glycans by 8-12% and increased the NA1F and NA2F 
glycans by 10-15% compared to control. Addition of wheat 
hydrolysates decreased the NGA2F and NGA2F-GlcNac gly 
cans by 6-7% and increased the NA1F and NA2F glycans by 
9-10% compared to control. 

Example 8 

Yeast, Soy or Wheat Hydrolysate Addition to CD 
Media GIA-1 for Culture of an 

Adalimumab-Producing CHO Cell Line #3 

In the study Summarized in this example, the effects on 
glycosylation resulting from the addition of yeast, soy or 
wheat hydrolysates to CD media GIA-1 in an adalimumab 
producing CHO cell line, generically named CHO cell line #3 
were evaluated. 

8.1 Materials and Methods 
Adaptation and production media were Supplemented with 

Bacto TCYeastolate, BBL Phytone Peptone or Wheat Pep 
tone E1 according to the experimental design in FIG. 44. The 
control cultures were not Supplemented with hydrolysates. 
All media pH was adjusted to approximately 7.1 and the 
media osmolality was adjusted to 290-300 mOsmol/kg. 

Cultures were expanded for 3 passages (3 days each) in 
their respective adaptation media in a combination of 250 mL 
(50 mL or 100 mL working volume) and 500 mL (150 mL 
working Volume) Corning vented non-baffled shake flasks 
and maintained on an orbital shaker at 140 RPM in a 36°C., 
5% CO, dry incubator. Production cultures were initiated in 
duplicate 500 mL (200 mL working volume) Corning vented 
non-baffled shake flasks at an initial VCD of approximately 
0.5x10° cells/mL. The shake flask study was run in an 
extended-batch mode by feeding a glucose solution (1.25% 
(v/v) of 40% solution) when the media glucose concentration 
fell below 3 g/L. 
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8.2 Culture Growth and Productivity 
Supplementation of production CD media with high con 

centrations of hydrolysates—11 g/L yeast, 15 g/L Soy or 15 
g/L wheat hydrolysates, decreased the culture growth rate and 
increased the culture length compared to the control (FIGS. 
23A-B). Harvest titer increased with increasing hydrolysate 
concentrations in the production media, except for the con 
dition supplemented with 15 g/L wheat hydrolysates, which 
experienced significant growth inhibition and harvest titer 
decrease compared to control (FIG. 23C). 

8.3 Oligosaccharide Analysis 
Supplementation of CD media GIA-1 with yeast, soy or 

wheat hydrolysates decreased the percentage of NGA2F and 
NGA2F-GlcNac glycans and increased the percentage of 
NA1F and NA2F glycans in a dose-dependent manner (FIGS. 
24A-B). Addition of yeast hydrolysates decreased the per 
centage of NGA2F and NGA2F-GlcNac glycans by 5-12% 
and increased the percentage of NA1F and NA2F glycans by 
3-11% compared to control (NGA2F and NGA2F-GlcNac: 
91%; NA1F and NA2F: 6%). Addition of soy hydrolysates to 
CD media GIA-1 decreased the NGA2F and NGA2F-GlcNac 
glycans by 13-25% and increased the NA1F and NA2F gly 
cans by 13-25% compared to control. Addition of wheat 
hydrolysates decreased the NGA2F and NGA2F-GlcNac gly 
cans by 12-18% and increased the NA1F and NA2F glycans 
by 12-18% compared to control. 

Example 9 

Yeast, Soy or Wheat Hydrolysate Addition to CD 
Media GIA-1 for Culture of a CHO Cell Line 

Producing mAb #1 

In the studies Summarized in this example, the effects on 
glycosylation resulting from the addition of yeast, Soy or 
wheat hydrolysates to CD media GIA-1 in a CHO cell line 
producing mAb # 1 were evaluated. 

9.1 Materials and Methods 
Adaptation and production media were Supplemented with 

Bacto TC Yeastolate (BD Biosciences; catalog #255772), 
BBL Phytone Peptone (BDBiosciences; catalog #21 1096) or 
Wheat Peptone E1 (Organotechnie; catalog #19559) accord 
ing to the experimental design in FIG. 45. The control cul 
tures were not supplemented with hydrolysates. All media pH 
was adjusted to approximately 7.2 and the media osmolality 
was adjusted to 290–330 mOsmol/kg. 

Cultures were expanded for 4 passages (3 days each) in 
their respective adaptation media in a combination of 250 mL 
(50 mL or 100 mL working volume) and 500 mL (150 mL 
working Volume) Corning vented non-baffled shake flasks 
and maintained on an Infors Multitron orbital shaker at 140 
RPMina 36°C.,5% CO, incubator. Production cultures were 
initiated in duplicate 500 mL (200 mL working volume) 
Corning vented non-baffled shake flasks at approximately 
10x10 cells/mL initial VCD. The study was run in an 
extended-batch mode by feeding a glucose solution (1.0% 
(v/v) of 40% solution) when the media glucose concentration 
fell below 3 g/L. 

9.2 Culture Growth and Productivity 
Supplementation of yeast, Soy or wheat hydrolysates to the 

CD media GIA-1 did not affect culture growth profiles dra 
matically (FIGS. 25A-B). There was some dose-dependent 
reduction of the peak VCD compared to control as the 
hydrolysate concentrations increased, particularly in the case 
of soy hydrolysates, but overall the growth profiles were 
similar. However, the culture duration was extended to 11-14 
days compared to 9 days for control. Cultures Supplemented 
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with 11 g/L yeast hydrolysate had a substantial increase in 
harvest titer (FIG. 25C) that far exceeded the other condi 
tions. 

9.3 Oligosaccharide Analysis 
Addition of yeast hydrolysates to CD media GIA-1 low- 5 

ered the percentage of NGA2F and NGA2F-GlcNac glycans 
by 3% and increased the percentage of NA1F and NA2F 
glycans by 4% compared to control (NGA2F and NGA2F 
GlcNac: 92%; NA1F and NA2F: 5%) (FIGS. 26A-B). Addi 
tion of soy hydrolysates lowered the percentage of NGA2F 10 
and NGA2F-GlcNac glycans by 7-13% and increased the 
percentage of NA1F and NA2F glycans by 8-12% compared 
to control. Addition of wheat hydrolysates lowered the per 
centage of NGA2F and NGA2F-GlcNac glycans by 5-8% 
and increased the percentage of NA1F and NA2F glycans by 15 
6-9% compared to control. 

Example 10 

Yeast, Soy or Wheat Hydrolysate Addition to CD 2O 
Media GIA-1 for Culture of a CHO Cell Line 

Producing mab #2 

In the study Summarized in this example, the effects on 
glycosylation resulting from the addition of yeast, soy or 25 
wheat hydrolysates to CD media GIA-1 in a CHO cell line 
producing mAb #2 were evaluated. 

10.1 Materials and Methods 
Adaptation and production media were Supplemented with 

Bacto TC, BBL Phytone Peptone or Wheat Peptone E1 30 
according to the experimental design in FIG. 46. The control 
cultures were not supplemented with hydrolysates. All media 
pH was adjusted to approximately 7.2 and the media osmo 
lality was adjusted to 280-330 mOsmol/kg. 
Upon thaw, cells were cultured in CD media GIA-1 growth 35 

media in a combination of Corning vented non-baffled shake 
flasks and maintained on a shaker platform at 140 RPM and 
20L cell bags. Cultures were propagated in a 35°C., 5% CO 
dry incubator. Production cultures were initiated in duplicate 
500 mL (200 mL working volume) Corning vented non- 40 
baffled shake flasks at an initial VCD of approximately 0.5x 
10° cells/mL. The shake flask study was run in an extended 
batch mode by feeding a glucose solution (1.25% (v/v) of 
40% solution) when the media glucose concentration fell 
below 3 g/L. For this study, samples were collected daily and 45 
measured for cell density and viability using a NOVA cell 
COunter. 

10.2 Culture Growth and Productivity 
Supplementation of yeast, soy or wheat hydrolysates to CD 

media GIA-1 did not impact culture growth for most condi- 50 
tions studied compared to control (FIG. 27A). Supplementa 
tion with hydrolysates led to higher viability profiles com 
pared to control (FIG. 27B). The addition of wheat 
hydrolysates increased harvest titer compared to the control 
(FIG. 27C). 55 

10.3 Oligosaccharide Analysis 
Addition of yeast hydrolysates to CD media GIA-1 low 

ered the percentage of NGA2F and NGA2F-GlcNac glycans 
by 3% (FIG. 28A) and increased the percentage of NA1F and 
NA2F glycans by 7% (FIG.28B) in a dose-dependent manner 60 
compared to control (NGA2F and NGA2F-GlcNac: 75%; 
NA1F and NA2F:8%). Addition of soy hydrolysates lowered 
the percentage of NGA2F and NGA2F-GlcNac by 2-12% and 
increased the percentage of NA1F and NA2F by 4-16% com 
pared to control (NGA2F and NGA2F-GlcNac: 76%. NA1F 65 
and NA2F: 11%). For this cell line, there was no significant 
difference in the percentage of NGA2F and NGA2F-GlcNac 
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glycans between the control condition and the cultures 
Supplemented with wheat hydrolysates at the concentration 
range evaluated. Furthermore, only a minor increase in the 
percentage of NA1F and NA2F glycans was observed. 

Example 11 

Combined Yeast, Soy and/or Wheat Hydrolysate 
Addition to CD Media GIA-1 for Culture of an 
Adalimumab-Producing CHO Cell Line #1 

In the study Summarized in this example, the effects on 
glycosylation resulting from the individual or combined addi 
tion of yeast, soy and/or wheat hydrolysates to CD media 
GIA-1 in the adalimumab-producing CHO cell line #1 uti 
lized in Example 1 were evaluated. 

11.1 Materials and Methods 
Adaptation and production media were Supplemented with 

Bacto TC Yeastolate, BBL Phytone Peptone and/or Wheat 
Peptone E1 according to the experimental design in FIGS. 47 
and 48. The control cultures were not supplemented with 
hydrolysates. All media pH was adjusted to approximately 
7.1 and the media osmolality was adjusted to 290-300 mOs 
mol/kg. 

Cultures were expanded for 3 passages (3 days each) in 
their respective adaptation media in a combination of 250 mL 
(50 mL or 100 mL working volume) and 500 mL (150 mL 
working Volume) Corning vented non-baffled shake flasks 
and maintained on an orbital shaker at 110 RPM in a 35°C., 
5% CO dry incubator. Production cultures were initiated in 
duplicate 500 mL (200 mL working volume) Corning vented 
non-baffled shake flasks at an initial VCD of approximately 
0.5x10° cells/mL. The shake flask study was run in an 
extended-batch mode by feeding a glucose solution (1.25% 
(v/v) of 40% solution) when the media glucose concentration 
fell below 3 g/L. 

11.2 Culture Growth and Productivity 
Supplementation of yeast, soy and/or wheat hydrolysates 

to CD media GIA-1 resulted in slight growth inhibition and 
reduced maximum VCD compared to the control (FIG.29A). 
Culture viability profiles and harvest titer were comparable 
for all cultures (FIGS. 29B-C). 

11.3 Oligosaccharide Analysis 
Supplementation of yeast hydrolysates only to CD media 

GIA-1 decreased the percentage of NGA2F and NGA2F 
GlcNac glycans by 4% and increased the percentage of NA1F 
and NA2F glycans by 6% compared to control (NGA2F and 
NGA2F-GlcNac: 90%; NA1F and NA2F: 4%) (FIGS. 30A 
B). Supplementation of soy hydrolysates only decreased the 
percentage of NGA2F and NGA2F-GlcNac glycans by 7% 
and increased the percentage of NA1F and NA2F glycans by 
9% compared to control. Supplementation of wheat hydroly 
sates decreased the percentage of NGA2F and NGA2F 
GlcNac glycans only by 5% and increased the percentage of 
NA1F and NA2F glycans by 8% compared to control. 
The addition of two hydrolysates (yeast and Soy; yeast and 

wheat; soy and wheat) further decreased the percentage of 
NGA2F and NGA2F-GlcNac glycans and increased the per 
centage of NA1F and NA2F glycans by a couple of percent 
ages compared to the addition of each component individu 
ally (FIGS. 30A-B). Supplementing CD media GIA-1 with 
all three hydrolysates did not result in any further changes in 
the glycosylation profile, indicating a saturation State being 
reached. 
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Example 12 

Effect of Asparagine in CD Media GIA-1 for Culture 
of Adalimumab-Producing CHO Cell Line #1 

In the study summarized in this Example, the effects on 
product quality attributes resulting from the addition of aspar 
agine to CD media GIA-1 in an adalimumab-producing CHO 
cell line, generically named CHO cell line #1 were investi 
gated. 

12.1 Materials and Methods 
The CHO cell line #1 was employed in the study covered 

here. Upon thaw, cells were expanded in a 19-days seed train 
and then transferred into seed reactors for up to 7 days in 
growth medium. The cells were then brought to the laboratory 
and adapted in 500-mL shaker flasks with 200 mL working 
volume in CD media GIA1 medium for 13 days with 3 pas 
sages. The shaker flasks were placed on a shaker platform at 
110 RPM in a 35° C., 5% CO, incubator. 
The chemically defined growth or production media, was 

prepared from basal IVGN CD media GIA1. For preparation 
of the IVGN CD media formulation, the proprietary media 
was Supplemented with L-glutamine, insulin, sodium bicar 
bonate, sodium chloride and methotrexate solution. Produc 
tion media consisted of all the components in the growth 
medium, excluding methotrexate. In addition, 5 mM of 
Galactose (Sigma, G5388) and 10LM of Manganese (Sigma, 
M1787) were supplemented into production medium. Osmo 
lality was adjusted by the concentration of sodium chloride. 
All media was filtered through filter systems (0.22 Lum PES) 
and stored at 4°C. until usage. 

Production cultures were initiated in duplicate 500 mL 
Corning, vented, non-baffled shaker flasks each containing 
200 mL culture in dry incubators with 5% CO, at 35° C. and 
110 RPM. Initial VCD was approximately 0.5x10 cells/ml. 
The shake flask study was run in an extended batch mode by 
feeding a glucose solution (1.25% (v/v) of 40% solution) 
when the media glucose concentration fell below 3 g/L. 
Asparagine stock Solution (20 g/L) was fed to culture on Day 
6 to increase Asparagine concentration by 0, 0.4, 1.2 and 2.0 
g/L. 

Samples were taken daily from each reactor to monitor 
growth. The following equipment was used to analyze the 
samples: Cedex cell counterfor cell density and viability:YSI 
7100 analyzer for glucose and lactate concentration. 
Some of the daily samples and the harvest samples were 

centrifuged at 3,000 rpm for 30 min and then supernatants 
were stored at -80° C. The thawed harvest samples were 
subsequently filtered through a 0.2 um filter, purified by Pro 
tein A chromatography and then oligosaccharide analysis was 
performed as described in Example 1. 

12.2 Culture Growth and Productivity 
Feeding of asparagine to CD media GIA-1 did not impact 

culture growth for most conditions studied as compared to the 
control (FIG.31A). The cultures showed similar growth rates 
and reached maximum VCD of ~12x10 cells/mL. Culture 
viabilities were also very similar to that of the controls (FIG. 
31B). Similarly, all the cultures examined here resulted in 
comparable harvest titers of approximately 1.7 g/L (FIG. 
31C). 

12.3 Oligosaccharide Analysis 
The effect of asparagine addition on oligosaccharide dis 

tribution was consistent with the experiments performed in 
hydrolysate based media described above. The addition of 
asparagine increased NGA2F and NGA2F-GlcNac glycans 
in a dose dependent manner (FIG. 32A). The percentage of 
NGA2F and NGA2F-GlcNac in the control sample (without 
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Asparagine addition) was as low as 74.7%. In the sample with 
the addition of asparagine the percentage of NGA2F and 
NGA2F-GlcNAc was increased to 76.1% (0.4 g/L of aspar 
agine), 79.2% (1.2 g/L of asparagine) and 79.0% (2.0 g/L of 
asparagine), for a total increase of 4.5%. 
The percentage of NA1F and NA2F in the control sample 

(without asparagine addition) was as high as 22.3% (FIG. 
32B). In the sample with the addition of asparagine the per 
centage of NA1F and NA2F was decreased to 21.1% (0.4 g/L 
of asparagine), 17.8% (1.2 g/L of asparagine) and 17.8% (2.0 
g/L of asparagine), for a total reduction of 4.5%. 

Example 13 

Effect of Asparagine in CD Media GIA-1 for Culture 
of Adalimumab-Producing CHO Cell Line #3 

In the study summarized in Example 13, the effects on 
product quality attributes resulting from the addition of aspar 
agine to CD media GIA-1 in an adalimumab-producing CHO 
cell line, generically named CHO cell line #3 were investi 
gated. 

13.1 Materials and Methods 
The CHO cell line #3 was employed in the study covered 

here. Upon thaw, adalimumab producing cell line #3 was 
cultured in CD media GIA-1 in a combination of vented shake 
flasks on a shaker platform (a 140 rpm and 20 L wave bags. 
Cultures were propagated in a 36°C., 5% CO, incubator to 
obtain the required number of cells to be able to initiate 
production stage cultures. 
The chemically defined growth or production media was 

prepared from basal IVGN CD media GIA1. For preparation 
of the IVGN CD media formulation, the proprietary media 
was Supplemented with L-glutamine, Sodium bicarbonate, 
sodium chloride and methotrexate solution. Production 
media consisted of all the components in the growth medium, 
excluding methotrexate. In addition, 10 mM of Galactose 
(Sigma, G.5388) and 0.2 uM of Manganese (Sigma, M1787) 
were Supplemented into production medium. Osmolality was 
adjusted by the concentration of sodium chloride. All media 
was filtered through filter systems (0.22 Lum PES) and stored 
at 4°C. until usage. 

Production cultures were initiated in duplicate 500 mL 
Corning, vented, non-baffled shaker flasks each containing 
200 mL culture in dry incubators with 5% CO at 36° C. and 
140 RPM. Initial VCD was approximately 0.5x10° cells/ml. 
The shake flask study was run in an extended batch mode by 
feeding a glucose solution (1.25% (v/v) of 40% solution) 
when the media glucose concentration fell below 3 g/L. 
Asparagine stock solution (20 g/L) was fed to culture on Day 
6 to increase asparagine concentration by 0, 0.4,0.8, 1.2, 1.6 
and 2.0 g/L. 

Samples were taken daily from each reactor to monitor 
growth. The following equipment was used to analyze the 
samples: Cedex cell counterfor cell density and viability:YSI 
7100 analyzer for glucose and lactate concentration. 
Some of the daily samples and the harvest samples were 

centrifuged at 3,000 rpm for 30 min and then supernatants 
were stored at -80° C. The thawed harvest samples were 
subsequently filtered through a 0.2 um filter, purified by Pro 
tein A chromatography and then oligosaccharide analysis was 
performed as described in Example 1. 

13.2 Culture Growth and Productivity 
The experiment described in the instant Example used a 

different cell line (i.e., CHO cell line #3) in CD media GIA-1. 
Culture growth and viability profiles were comparable among 
all test conditions with different dosage of asparagine added 
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on day 6 (FIGS. 33A and 33B). All cultures reached maxi 
mum VCD of ~18-19x10 cells/mL. The product titer (-1.5- 
1.6 g/L) was slightly reduced when higher dosage of aspar 
agine was added (FIG. 33C). 

13.3 Oligosaccharide Analysis 
Again, the addition of asparagine increased NGA2F and 

NGA2F-GlcNac (FIG.34A). The percentage of NGA2F and 
NGA2F-GlcNac in the control sample (without asparagine 
addition) was as low as 68.7%. In the sample with the addition 
of asparagine, the percentage of NGA2F and NGA2F 
GlcNac was increased by 4.1-5.1% when 0.4 to 2.0 g/L aspar 
agine was added on day 6 (FIG. 34A). The percentage of 
NA1F and NA2F in the control sample (without asparagine 
addition) was as high as 25.6% (FIG.34B). In the sample with 
the addition of asparagine the percentage of NA1F and NA2F 
was decreased by 3.8-4.6% when 0.4 to 2.0 g/L asparagine 
was added on day 6 (FIG. 34B). 

Example 14 

Effect of Asparagine in a Shaker Flask Batch Culture 
in CD Media GIA-1 with a CHO Cell Line 

Producing mab #2 

In the studies summarized in Example 14, the effects on 
product quality attributes resulting from the addition of aspar 
agine to CD media GIA-1 from Life Technologies Gibco in a 
CHO cell line producing monoclonal antibody #2 were inves 
tigated. In this instant Example, asparagine was either Supple 
mented into culture media during media preparation or added 
on day 5 of the cell culture process. 

14.1 Materials and Methods 
mAb #2 producing cell line was employed in the study 

covered here. Upon thaw, cells were cultured in chemically 
defined growth media in a combination of vented baffled 
shake flasks (Corning) on a shaker platform at 140 RPM. All 
media pH was adjusted to approximately 7.2 and the media 
osmolality was adjusted to 280-330 mOsmol/kg. 

Cultures were propagated in a 35°C., 5% CO incubator to 
obtain the required number of cells to be able to initiate 
production stage cultures. Production cultures were initiated 
in duplicate 500 mL vented non-baffled Corning shake flasks 
(200 mL working volume) at an initial viable cell density 
(VCD) of approximately 0.5x10° cells/mL. The shake flask 
study was run in an extended batch mode by feeding a glucose 
solution (1.25% (v/v) of 40% solution) when the media glu 
cose concentration fell below 3 g/L. Asparagine (Sigma, 
Catalog Number A4284) were solubilized in Milli-Q water to 
make a 30 g/L stock solution. All media was filtered through 
Corning or Millipore 1 L filter systems (0.22 Lum PES) and 
stored at 4°C. until usage. 

For asparagine Supplemented into culture media during 
media preparation, asparagine Stock Solution was Supple 
mented to production media to increase asparagine concen 
tration by 0, 0.4,0.8 and 1.6 g/L. After addition of asparagine, 
media was brought to a pH similar to non-supplemented 
(control) media using 5N hydrochloric acid/5N NaOH and it 
was brought to an osmolality similar to non-supplemented 
(control) media by adjusting the concentration of sodium 
chloride. For asparagine addition study, asparagine Stock 
Solution was added to culture on Day 5 to increase Asparagine 
concentration by 0, 0.4,0.8 and 1.6 g/L. 

For all studies described throughout this invention, 
samples were collected daily and measured for cell density 
and viability using a NOVA cell counter. Retention samples 
for titer analysis via Poros. A method were collected by cen 
trifugation at 12,000 RPM for 5 min when the culture viabil 
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ity began declining. The cultures were harvested by collecting 
125 mL aliquots and centrifuging at 3,000 RPM for 30 min 
when culture viability was near or below 50%. All superna 
tants were stored at -80° C. until analysis. The harvest 
samples were Protein A purified and then oligosaccharide 
analysis was performed as described in Example 1. 

14.2 Culture Growth and Productivity 
Adding asparagine to CD media GIA-1 during medium 

preparation or on day 5 of the cell culture did not impact 
culture growth for most conditions studied as compared to the 
non-supplemented 0 g/L controls (FIGS. 45A and 47A). The 
cultures showed similar growth rates and reached maximum 
VCD of 22-24x10° cells/mL. Culture viabilities were also 
very similar to that of the controls (FIGS. 35B and 37B). 
Similarly, all the cultures examined here resulted in compa 
rable harvest titers of approximately 0.9 g/L of mAb #2 
(FIGS. 35C and 37C). 

14.3 Oligosaccharide Analysis 
The addition of asparagine during medium preparation 

increased NGA2F and NGA2F-GlcNac glycans in a dose 
dependent manner (FIG. 36A). The percentage of NGA2F 
and NGA2F-GlcNac in the control sample (without aspar 
agine addition) was as low as 76.3%. In the sample with the 
addition of asparagine the percentage of NGA2F and 
NGA2F-GlcNac was increased to 81.5% (0.4 g/L of aspar 
agine), 85.5% (0.8 g/L of asparagine) and 85.9% (1.6 g/L of 
asparagine), for a total increase of 9.6%. The percentage of 
NA1F and NA2F in the control sample (without asparagine 
addition) was as high as 11.5% (FIG.36B). In the sample with 
the addition of asparagine the percentage of NA1F and NA2F 
was decreased to 9.8% (0.4 g/L of asparagine), 7.8% (0.8 g/L 
of asparagine) and 7.0% (1.6 g/L of asparagine), for a total 
reduction of 4.5%. With mAb #2 cell line used in the study, 
the percentage of Mannose type glycans was also decreased 
with the Supplementation of asparagine. The percentage of 
Mannoses in the control sample (without asparagine addi 
tion) was as high as 12.2% (FIG.36B). In the sample with the 
addition of asparagine the percentage of Mannoses was 
decreased to 8.6% (0.4 g/L of asparagine), 6.7% (0.8 g/L of 
asparagine) and 7.1% (1.6 g/L of asparagine), for a total 
reduction of 5.5%. 
The addition of asparagine on day 5 of the culture also 

increased NGA2F and NGA2F-GlcNac glycans in a dose 
dependent manner (FIG. 38A). The percentage of NGA2F 
and NGA2F-GlcNac in the control sample (without aspar 
agine addition) was as low as 79.7%. In the sample with the 
addition of asparagine the percentage of NGA2F and 
NGA2F-GlcNac was increased to 80.5% (0.4 g/L of aspar 
agine), 82.1% (0.8 g/L of asparagine) and 84.1% (1.6 g/L of 
asparagine), for a total increase of 4.4%. The percentage of 
NA1F and NA2F in the control sample (without asparagine 
addition) was as high as 9.7% (FIG.38B). In the sample with 
the addition of asparagine the percentage of NA1F and NA2F 
was decreased to 9.4% (0.4 g/L of asparagine), 9.6% (0.8 g/L 
of asparagine) and 8.5% (1.6 g/L of asparagine), for a total 
reduction of 1.2%. Again, the percentage of Mannose type 
glycans was also decreased with the Supplementation of 
asparagine. The percentage of Mannoses in the control 
sample (without asparagine addition) was as high as 10.6% 
(FIG.38B). In the sample with the addition of asparagine the 
percentage of Mannoses was decreased to 10.1% (0.4 g/L of 
asparagine), 8.3% (0.8 g/L of asparagine) and 7.4% (1.6 g/L 
of asparagine), for a total reduction of 3.2%. 

Example 15 

Effect of Pea Hydrolysate Addition to CD Media 
GIA-1 in Adalimumab-Producing CHO Cell Line #1 

In the study summarized in this Example, the effects on 
glycosylation resulting from the addition of pea hydrolysate 
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(Hy-Pea 7404, Kerry: 2, 4, 7, 10 g/L) to chemically defined 
(CD) medium GIA-1 (Life Technologies Gibco) in the adali 
mumab-producing CHO cell line #1 was investigated. 

15.1 Materials and Methods 
Adaptation media was supplemented with pea hydrolysate 

at a concentration of 2 g/L and production media were Supple 
mented with pea hydrolysate at concentrations of 2, 4, 7, 10 
g/L. Cultures not supplemented with pea hydrolysate were 
included as a control. In addition to pea hydrolysate, adapta 

5 

tion media was supplemented with 0.876 g/kg. L-glutamine 10 
and 2.0 mL/kg methotrexate solution; production media was 
supplemented with 0.584 g/L L-glutamine. The pH of pro 
duction media was adjusted to approximately 7.1 using 6N 
hydrochloric acid/5N sodium hydroxide. The media osmola 
lity was adjusted to approximately 315 mCSmol/kg with 
sodium chloride. 
The adalimumab-producing cultures were expanded for 4 

passages (3 days each) in adaptation media containing 2 g/L 

15 

pea hydrolysate in a combination of 250 mL (50 mL or 100 
mL working volume), 500 mL (150 mL working volume) and 
1 L (300 mL working volume) Corning vented non-baffled 
shake flasks and maintained on an orbital shaker at 110 RPM 
in a 35°C., 5% CO dry incubator. At each passage, cultures 
were inoculated at an initial viable cell density (VCD) of as 
approximately 0.5x10 cells/mL. 

Production cultures were initiated in duplicate 500 mL 
Corning, vented, non-baffled shake flasks each containing 
200 mL culture in dry incubators at 35° C., 5% CO, and 110 
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RPM. Initial VCD was approximately 0.5x10 cells/mL. A 
1.25% (v/v) 40% glucose stock solution was fed when the 
media glucose concentration was less than 3 g/L. 

Samples were collected and measured for cell density and 
viability as set forth in Example 1. In addition, the oligosac 
charide assay was performed as set forth in Example 1. 

15.2 Culture Growth and Productivity 
The majority of cultures grew to a similar peakVCD in the 

range of 9-10x10 cells/mL. Cultures supplemented with 10 
g/L pea hydrolysate experienced slight inhibition of growth 
(FIG. 49A). The viability profile of cultures with 2 g/L pea 
hydrolysate were comparable to the control condition; how 
ever, a small dose-dependent decrease in viability was 
observed with higher concentrations of hydrolysate. The cul 
ture duration (12 days) was similar within the hydrolysate 
concentration range evaluated (FIG. 49B). However, a dose 
dependent decrease in cell productivity compared to the con 
trol condition was observed with the addition of peahydroly 
sate (FIG. 49C). 

15.3 Oligosaccharide Analysis 
Addition of pea hydrolysate to CD media GIA-1 lowered 

the percentage of NGA2F and NGA2F-GlcNac glycans by 
11-15% and increased the percentage of NA1F and NA2F 
glycans by 12-16% compared to control condition (NGA2F 
and NGA2F-GlcNac: 91%; NA1F and NA2F: 4%) (FIGS. 
50A-B). A dose-dependent decrease in NGA2F and NGA2F 
GlcNac and a corresponding increase in NA1F and NA2F 
glycans was observed with the addition of pea hydrolysate 
over the tested range. 

<16 Os NUMBER OF SEO ID NOS : 12 

<21 Os SEQ ID NO 1 
&211s LENGTH: 107 
212s. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: adalimumab light chain variable region 

<4 OOs SEQUENCE: 1 

Asp Ile Gln Met Thr Glin Ser Pro Ser Ser Leu Ser Ala Ser Val Gly 
1. 5 1O 15 

Asp Arg Val Thir Ile Thr Cys Arg Ala Ser Glin Gly Ile Arg Asn Tyr 
2O 25 3 O 

Lieu Ala Trp Tyr Glin Glin Llys Pro Gly Lys Ala Pro Llys Lieu. Lieu. Ile 
35 4 O 45 

Tyr Ala Ala Ser Thr Lieu. Glin Ser Gly Val Pro Ser Arg Phe Ser Gly 
SO 55 60 

Ser Gly Ser Gly Thr Asp Phe Thr Lieu. Thir Ile Ser Ser Leu Gln Pro 
65 70 7s 8O 

Glu Asp Wall Ala Thr Tyr Tyr Cys Glin Arg Tyr Asn Arg Ala Pro Tyr 
85 90 95 

Thr Phe Gly Glin Gly Thr Llys Val Glu Ile Llys 
1OO 105 

<21 Os SEQ ID NO 2 
&211s LENGTH: 121 
212s. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: adalimumab heavy chain variable region 

<4 OOs SEQUENCE: 2 
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- Continued 

Glu Val Glin Lieu Val Glu Ser Gly Gly Gly Lieu Val Glin Pro Gly Arg 
1. 5 1O 15 

Ser Lieu. Arg Lieu. Ser Cys Ala Ala Ser Gly Phe Thr Phe Asp Asp Tyr 
2O 25 3O 

Ala Met His Trp Val Arg Glin Ala Pro Gly Lys Gly Lieu. Glu Trp Val 
35 4 O 45 

Ser Ala Ile Thir Trp Asn. Ser Gly His Ile Asp Tyr Ala Asp Ser Val 
SO 55 6 O 

Glu Gly Arg Phe Thir Ile Ser Arg Asp Asn Ala Lys Asn. Ser Lieu. Tyr 
65 70 7s 8O 

Lieu. Glin Met Asn. Ser Lieu. Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys 
85 90 95 

Ala Lys Val Ser Tyr Lieu. Ser Thr Ala Ser Ser Lieu. Asp Tyr Trp Gly 
1OO 105 11 O 

Gln Gly Thr Lieu Val Thr Val Ser Ser 
115 12 O 

<210s, SEQ ID NO 3 
&211s LENGTH: 9 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: adalimumab light chain variable region CDR3 
22 Os. FEATURE: 

<221s NAME/KEY: VARIANT 
&222s. LOCATION: 9 
<223 is OTHER INFORMATION: Xaa = Thir or Ala 

<4 OOs, SEQUENCE: 3 

Glin Arg Tyr Asn Arg Ala Pro Tyr Xaa 
1. 5 

<210s, SEQ ID NO 4 
&211s LENGTH: 12 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: adalimumab heavy chain variable region CDR3 
22 Os. FEATURE: 

<221s NAME/KEY: VARIANT 
&222s. LOCATION: 12 

<223> OTHER INFORMATION: Xaa = Tyr or Asn 

<4 OOs, SEQUENCE: 4 

Val Ser Tyr Lieu. Ser Thr Ala Ser Ser Lieu. Asp Xaa 
1. 5 1O 

<210s, SEQ ID NO 5 
&211s LENGTH: 7 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: adalimumab light chain variable region CDR2 

<4 OOs, SEQUENCE: 5 

Ala Ala Ser Thr Lieu. Glin Ser 
1. 5 

<210s, SEQ ID NO 6 
&211s LENGTH: 17 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: adalimumab heavy chain variable region CDR2 
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- Continued 

<4 OOs, SEQUENCE: 6 

Ala Ile Thir Trp Asn. Ser Gly His Ile Asp Tyr Ala Asp Ser Val Glu 
1. 5 1O 15 

Gly 

<210s, SEQ ID NO 7 
&211s LENGTH: 11 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: adalimumab light chain variable region CDR1 

<4 OO > SEQUENCE: 7 

Arg Ala Ser Glin Gly Ile Arg Asn Tyr Lieu Ala 
1. 5 1O 

<210s, SEQ ID NO 8 
&211s LENGTH: 5 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: adalimumab heavy chain variable region CDR1 

<4 OOs, SEQUENCE: 8 

Asp Tyr Ala Met His 
1. 5 

<210s, SEQ ID NO 9 
& 211 LENGTH 321 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: adalimumab light chain variable region 

<4 OOs, SEQUENCE: 9 

gacatccaga tigacccagtic ticcatcct co citgtctgcat citg tagggga cagagt cacc 6 O 

at Cacttgtc. g.ggcaagt ca gggcatcaga aattact tag cctggitatica gcaaaaacca 12 O 

gggaaag.ccc ctaagctic ct gat citatgct gcatccactt togcaatcagg ggit cocatct 18O 

cggttcagtg gcagtggat.c tdggacagat ttcactict ca C catcagcag cct acagcct 24 O 

gaagatgttg caactt atta citgtcaaagg tataaccotg caccgtatac ttittggc.ca.g 3OO 

gggaccalagg taaatcaa a 321 

<210s, SEQ ID NO 10 
&211s LENGTH: 363 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: adalimumab heavy chain variable region 

<4 OOs, SEQUENCE: 10 

gaggtgcagc tiggtggagtic tiggggaggc titggtacago CC9gcaggt C cct gagactic 6 O 

t cct gtgcgg cct Ctggatt Cacct ttgat gattatgcca to actgggit cc.ggcaa.gct 12 O 

cCagggaagg gcctggaatgggit ct cagct atc acttgga at agtggtca catagacitat 18O 

gcggactctg tdgagggc.cg attcaccatc. tccagagaca acgc.caagaa ctic cctgtat 24 O 

Ctgcaaatga acagtctgag agctgaggat acggc.cgitat attactgtgc gaaagtict cq 3OO 

taccttagca cc.gcgt.cct c ccttgact at tdgggccaag gtaccctggit caccgtc.tc.g 360 

agt 363 



US 9,290,568 B2 
69 

- Continued 

<210s, SEQ ID NO 11 
&211s LENGTH: 214 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: adalimumab light chain 

<4 OOs, SEQUENCE: 11 

Asp Ile Gln Met Thr Glin Ser Pro Ser Ser Leu Ser Ala Ser Val Gly 
1. 5 1O 15 

Asp Arg Val Thir Ile Thr Cys Arg Ala Ser Glin Gly Ile Arg Asn Tyr 
2O 25 3O 

Lieu Ala Trp Tyr Glin Glin Llys Pro Gly Lys Ala Pro Llys Lieu. Lieu. Ile 
35 4 O 45 

Tyr Ala Ala Ser Thr Lieu. Glin Ser Gly Val Pro Ser Arg Phe Ser Gly 
SO 55 6 O 

Ser Gly Ser Gly Thr Asp Phe Thr Lieu. Thir Ile Ser Ser Leu Gln Pro 
65 70 7s 8O 

Glu Asp Wall Ala Thr Tyr Tyr Cys Glin Arg Tyr Asn Arg Ala Pro Tyr 
85 90 95 

Thr Phe Gly Glin Gly Thr Lys Val Glu Ile Lys Arg Thr Val Ala Ala 
1OO 105 11 O 

Pro Ser Val Phe Ile Phe Pro Pro Ser Asp Glu Gln Leu Lys Ser Gly 
115 12 O 125 

Thir Ala Ser Val Val Cys Lieu. Lieu. Asn. Asn. Phe Tyr Pro Arg Glu Ala 
13 O 135 14 O 

Llys Val Glin Trp Llys Val Asp Asn Ala Lieu. Glin Ser Gly Asn. Ser Glin 
145 150 155 160 

Glu Ser Val Thr Glu Glin Asp Ser Lys Asp Ser Thr Tyr Ser Leu Ser 
1.65 17O 17s 

Ser Thr Lieu. Thir Lieu. Ser Lys Ala Asp Tyr Glu Lys His Llys Val Tyr 
18O 185 19 O 

Ala Cys Glu Val Thr His Glin Gly Lieu Ser Ser Pro Val Thr Lys Ser 
195 2OO 2O5 

Phe Asn Arg Gly Glu. Cys 
21 O 

<210s, SEQ ID NO 12 
&211s LENGTH: 451 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: adalimumab heavy chain 

<4 OOs, SEQUENCE: 12 

Glu Val Glin Lieu Val Glu Ser Gly Gly Gly Lieu Val Glin Pro Gly Arg 
1. 5 1O 15 

Ser Lieu. Arg Lieu. Ser Cys Ala Ala Ser Gly Phe Thr Phe Asp Asp Tyr 
2O 25 3O 

Ala Met His Trp Val Arg Glin Ala Pro Gly Lys Gly Lieu. Glu Trp Val 
35 4 O 45 

Ser Ala Ile Thir Trp Asn. Ser Gly His Ile Asp Tyr Ala Asp Ser Val 
SO 55 6 O 

Glu Gly Arg Phe Thir Ile Ser Arg Asp Asn Ala Lys Asn. Ser Lieu. Tyr 
65 70 7s 8O 

Lieu. Glin Met Asn. Ser Lieu. Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys 



Ala 

Glin 

Wall 

Ala 
145 

Ser 

Wall 

Pro 

Asp 
225 

Gly 

Ile 

Glu 

His 

Arg 
3. OS 

Glu 

Lell 

Trp 
385 

Wall 

Asp 

His 

Pro 

Gly 

Phe 
13 O 

Luell 

Trp 

Luell 

Ser 

Pro 
21 O 

Pro 

Ser 

Asp 

Asn 
29 O 

Wall 

Glu 

Thir 

Thir 
37 O 

Glu 

Luell 

Glu 

Gly 
450 

Wall 

Thir 
115 

Pro 

Gly 

Asn 

Glin 

Ser 
195 

Ser 

Thir 

Ser 

Arg 

Pro 
275 

Ala 

Wall 

Thir 

Luell 
355 

Ser 

Asp 

Ser 

Ala 
435 

Ser 
1OO 

Luell 

Luell 

Ser 

Ser 
18O 

Ser 

Asn 

His 

Wall 

Thir 
26 O 

Glu 

Ser 

Ile 
34 O 

Pro 

Luell 

Asn 

Ser 

Arg 

Luell 

85 

Tyr 

Wall 

Ala 

Lell 

Gly 
1.65 

Ser 

Lell 

Thir 

Thir 

Phe 
245 

Pro 

Wall 

Thir 

Wall 

Cys 
3.25 

Ser 

Pro 

Wall 

Gly 

Asp 
4 OS 

Trp 

His 

What is claimed is: 
1. A process for producing a recombinantly-expressed 

immunoglobulin comprising a heavy chain variable region 

Lell 

Thir 

Pro 

Wall 
150 

Ala 

Gly 

Gly 

Cys 
23 O 

Lell 

Glu 

Lell 
310 

Ser 

Glin 
390 

Gly 

Glin 

Asn 

71 

Ser 

Wall 

Ser 
135 

Lell 

Lell 

Thir 

Wall 
215 

Pro 

Phe 

Wall 

Phe 

Pro 
295 

Thir 

Wall 

Ala 

Arg 

Gly 
375 

Pro 

Ser 

Glin 

His 

Thir 

Ser 
12 O 

Ser 

Asp 

Thir 

Glin 

Asp 

Pro 

Pro 

Thir 

Asn 
28O 

Arg 

Wall 

Ser 

Asp 
360 

Phe 

Glu 

Phe 

Gly 

Tyr 
44 O 

Ala 
105 

Ser 

Ser 

Ser 
185 

Thir 

Pro 

Cys 
265 

Trp 

Glu 

Luell 

Asn 

Gly 
345 

Glu 

Asn 

Phe 

Asn 
425 

Thir 

90 

Ser 

Ala 

Ser 

Phe 

Gly 
17O 

Luell 

Pro 

Lys 
250 

Wall 

Glu 

His 

Lys 
330 

Glin 

Luell 

Pro 

Asn 

Luell 

Wall 

Glin 

Ser 

Ser 

Thir 

Pro 
155 

Wall 

Ser 

Ile 

Wall 

Ala 
235 

Pro 

Wall 

Wall 

Glin 

Glin 
315 

Ala 

Pro 

Thir 

Ser 

Tyr 
395 

Tyr 

Phe 

Lys 
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- Continued 

Lell 

Thir 

Ser 
14 O 

Glu 

His 

Ser 

Glu 
22O 

Pro 

Wall 

Asp 

Tyr 
3 OO 

Asp 

Lell 

Arg 

Asp 

Ser 

Ser 

Ser 

Asp 

Lys 
125 

Gly 

Pro 

Thir 

Wall 

Asn 

Pro 

Glu 

Asp 

Asp 

Gly 
285 

Asn 

Trp 

Pro 

Glu 

Asn 
365 

Ile 

Thir 

Lell 
445 

Tyr 
11 O 

Gly 

Gly 

Wall 

Phe 

Wall 
19 O 

Wall 

Luell 

Thir 

Wall 
27 O 

Wall 

Ser 

Luell 

Ala 

Pro 
35. O 

Glin 

Ala 

Thir 

Luell 

Ser 
43 O 

Ser 

60 

95 

Trp Gly 

Pro Ser 

Thir Ala 

Thir Wall 
160 

Pro Ala 
17s 

Thir Wall 

Asn His 

Ser Cys 

Lieu. Gly 
24 O 

Luell Met 
255 

Ser His 

Glu Wall 

Thr Tyr 

Asin Gly 
32O 

Pro Ile 
335 

Glin Wall 

Wall Ser 

Wall Glu 

Pro Pro 
4 OO 

Thir Wall 
415 

Wal Met 

Luell Ser 

expresses the immunoglobulin during a production stage in a 
cell culture media comprising at least 0.4 g/L of asparagine, 
thereby producing the recombinantly-expressed immunoglo 

comprising the sequence of SEQID NO. 2 and a light chain is bulin, 
variable region comprising the sequence of SEQID NO: 7. 
comprising culturing a mammaliancell which recombinantly 

wherein the level of agalactosyl fucosylated biantennary 
oligosaccharides (sum of NGA2F and NGA2F-GlcNac) 
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present on the produced immunoglobulin is increased as 
compared to the level of agalactosyl fucosylated bian 
tennary oligosaccharides (sum of NGA2F and NGA2F 
GlcNac) of immunoglobulin produced in cell culture 
media which does not comprise said asparagine during 
the production stage; and/or wherein the level of galac 
tose containing fucosylated biantennary oligossa 
charides (sum of NA1F and NA2F) present on the pro 
duced immunoglobulin is decreased as compared to the 
level of galactose containing fucosylated biantennary 
oligossacharides (sum of NA1F and NA2F) of immuno 
globulin produced in cell culture media which does not 
comprise said asparagine during the production stage. 

2. The process of claim 1, wherein the immunoglobulin is 
adalimumab. 

3. The process of claim 1, wherein the cell which expresses 
the immunoglobulin is a CHO cell. 

4. The process of claim 1, wherein the media comprises 
asparagine at a concentration of at least 0.6 g/L, 0.8 g/L, 1.0 
g/L, 1.2 g/L, 1.4 g/L, 1.6 g/L, 1.8 g/L or 2 g/L, or between 0.4 
g/L-1.4 g/L, or between 0.4 g/L-2 g/L. 

5. The process of claim 1, wherein the media further com 
prises glutamine. 

6. The process of claim 5, wherein the media comprises 
glutamine at a concentration of at least 0.2 g/L or between 0.1 
g/L to 4 g/L. 

7. The process of claim 1, wherein the level of agalactosyl 
fucosylated biantennary oligosaccharides (sum of NGA2F 
and NGA2F-GlcNAc) present on the produced immunoglo 
bulin is 64%-88%, 70%-88% or 75%-85%; and/or wherein 
the level of fucosylated biantennary oligosaccharides (sum of 
NA1F and NA2F) present on the produced immunoglobulin 
is 1%-30%, 2%-25%. 5%-20%, 5%-15%, 10%-20% or 27%- 
31%. 

8. The process of claim 1, wherein the process is a fed batch 
process. 

9. The process of claim 1, wherein the media further com 
prises a yeast hydrolysate and/or a plant hydrolysate; option 
ally, wherein the yeast hydrolysate is selected from the group 
consisting of Bacto TCYeastolate. HyPep Yeast Extract and 
UFYeast Hydrolysate; and/or wherein the plant hydrolysate 
is selected from the group consisting of a soy hydrolysate, a 
wheat hydrolysate, a rice hydrolysate, a cotton seed hydroly 
sate, a pea hydrolysate, a corn hydrolysate, a potato hydroly 
sate, BBL Phytone Peptone, HyPep 1510, SE50 MAF-UF, 
UF Soy Hydrolysate. Wheat Peptone E1, HyPep 4601 and 
Proyield WGE80M Wheat. 

10. The process of claim 9, wherein the yeast hydrolysate is 
present in the media at a concentration of between 2 g/L to 11 
g/L and/or wherein the plant hydrolysate is present in the 
media at a concentration of between 2 g/L to 15 g/L. 

11. A process for producing a recombinantly-expressed 
immunoglobulin comprising a heavy chain variable region 
comprising the sequence of SEQID NO:2 and a light chain 
variable region comprising the sequence of SEQID NO: 7. 
comprising culturing a mammaliancell which recombinantly 
expresses the immunoglobulin in a cell culture media com 
prising asparagine and at least 1 g/L of glutamine, thereby 
producing the recombinantly-expressed immunoglobulin, 
and assessing the oligosaccharide distribution of the pro 
duced immunoglobulin, 

wherein the level of agalactosyl fucosylated biantennary 
oligosaccharides (sum of NGA2F and NGA2F-GlcNac) 
present on the produced immunoglobulin is increased as 
compared to the level of agalactosyl fucosylated bian 
tennary oligosaccharides (sum of NGA2F and NGA2F 
GlcNac) of immunoglobulin produced in cell culture 
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media which does not comprise said asparagine and 
glutamine; and/or wherein the level of galactose con 
taining fucosylated biantennary oligossacharides (Sum 
of NA1F and NA2F) present on the produced immuno 
globulin is decreased as compared to the level of galac 
tose containing fucosylated biantennary oligossa 
charides (sum of NA1F and NA2F) of immunoglobulin 
produced in cell culture media which does not comprise 
said asparagine and glutamine. 

12. The process of claim 11, wherein the immunoglobulin 
is adalimumab. 

13. The process of claim 11, wherein the cell which 
expresses the immunoglobulin is a CHO cell. 

14. The process of claim 11, wherein the cell culture media 
comprises asparagine at a concentration of at least 0.2 g/L or 
between 0.1 g/L to 4 g/L. 

15. The process of claim 11, wherein the cell culture media 
comprises at least 2 g/L of glutamine. 

16. The process of claim 11, wherein the cell culture media 
is a chemically defined cell culture media. 

17. The process of claim 11, wherein the level of agalac 
tosyl fucosylated biantennary oligosaccharides (sum of 
NGA2F and NGA2F-GlcNAc) present on the produced 
immunoglobulin is 64%-88%, 70%-88% or 75%-85%; and/ 
or wherein the level of fucosylated biantennary oligosaccha 
rides (sum of NA1F and NA2F) present on the produced 
immunoglobulin is 1%-30%, 2%-25%. 5%-20%, 5%-15%, 
10%-20% or 27%-31%. 

18. The process of claim 11, wherein the process is a fed 
batch process. 

19. The process of claim 11, wherein the culture media 
further comprises a yeast hydrolysate and/or a plant hydroly 
sate, optionally, wherein the yeast hydrolysate is selected 
from the group consisting of Bacto TC Yeastolate. HyPep 
Yeast Extract and UFYeast Hydrolysate; and/or wherein the 
plant hydrolysate is selected from the group consisting of a 
soy hydrolysate, a wheat hydrolysate, a rice hydrolysate, a 
cotton seed hydrolysate, a pea hydrolysate, a corn hydroly 
sate, a potato hydrolysate, BBL Phytone Peptone. HyPep 
1510, SE50 MAF-UF, UF Soy Hydrolysate. Wheat Peptone 
E1, HyPep 4601 and Proyield WGE80M Wheat. 

20. The process of claim 19, wherein the yeast hydrolysate 
is present in the media at a concentration of between 2 g/L to 
11 g/L and/or wherein the plant hydrolysate is present in the 
media at a concentration of between 2 g/L to 15 g/L. 

21. A process for producing a recombinantly-expressed 
immunoglobulin comprising a heavy chain variable region 
comprising the sequence of SEQID NO:2 and a light chain 
variable region comprising the sequence of SEQID NO: 7. 
comprising culturing a mammaliancell which recombinantly 
expresses the immunoglobulin in a cell culture media com 
prising at least 0.6 g/L of asparagine, thereby producing the 
recombinantly-expressed immunoglobulin, 

wherein the level of agalactosyl fucosylated biantennary 
oligosaccharides (sum of NGA2F and NGA2F-GlcNac) 
present on the produced immunoglobulin is increased as 
compared to the level of agalactosyl fucosylated bian 
tennary oligosaccharides (sum of NGA2F and NGA2F 
GlcNac) of immunoglobulin produced in cell culture 
media which does not comprise said asparagine; and/or 
wherein the level of galactose containing fucosylated 
biantennary oligossacharides (sum of NA1F and NA2F) 
present on the produced immunoglobulin is decreased as 
compared to the level of galactose containing fucosy 
lated biantennary oligossacharides (sum of NA1F and 
NA2F) of immunoglobulin produced in cell culture 
media which does not comprise said asparagine. 
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22. The process of claim 21, wherein the immunoglobulin 
is adalimumab. 

23. The process of claim 21, wherein the cell which 
expresses the immunoglobulin is a CHO cell. 

24. The process of claim 21, wherein the cell culture media 
comprises asparagine at a concentration of at least 0.8 g/L, 1.0 
g/L, 1.2 g/L, 1.4 g/L, 1.6 g/L. 1.8 g/L or 2.0 g/L. 

25. The process of claim 21, wherein the cell culture media 
further comprises glutamine. 

26. The process of claim 21, wherein the cell culture media 
comprises glutamine at a concentration of at least 0.2 g/L or 
between 0.1 g/L to 4 g/L. 

27. The process of claim 21, wherein the level of agalac 
tosyl fucosylated biantennary oligosaccharides (sum of 
NGA2F and NGA2F-GlcNAc) present on the produced 
immunoglobulin is 64%-88%, 70%-88% or 75%-85%; and/ 
or wherein the level of fucosylated biantennary oligosaccha 
rides (sum of NA1F and NA2F) present on the produced 
immunoglobulin is 1%-30%, 2%-25%. 5%-20%, 5%-15%, 
10%-20% or 27%-31%. 
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28. The process of claim 21, wherein the process is a fed 

batch process. 
29. The process of claim 21, wherein the culture media 

further comprises a yeast hydrolysate and/or a plant hydroly 
sate, optionally, wherein the yeast hydrolysate is selected 
from the group consisting of Bacto TC Yeastolate. HyPep 
Yeast Extract and UFYeast Hydrolysate; and/or wherein the 
plant hydrolysate is selected from the group consisting of a 
soy hydrolysate, a wheat hydrolysate, a rice hydrolysate, a 
cotton seed hydrolysate, a pea hydrolysate, a corn hydroly 
sate, a potato hydrolysate, BBL Phytone Peptone. HyPep 
1510, SE50 MAF-UF, UF Soy Hydrolysate. Wheat Peptone 
E1, HyPep 4601 and Proyield WGE80M Wheat. 

30. The process of claim 29, wherein the yeast hydrolysate 
is present in the media at a concentration of between 2 g/L to 
11 g/L and/or wherein the plant hydrolysate is present in the 
media at a concentration of between 2 g/L to 15 g/L. 

k k k k k 
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